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THE IRON AND STEEL ENGINEER 


The Iron and Steel Engineer, the leading engi- 
neering periodical of the Steel Industry, enters its 
second year with the hope that it may be able to 
render a still greater service to the engineers in the 
industry, by keeping them informed of the latest 
developments in the electrical, mechanical and com- 
bustion arts. 


Most of the improvements in the steel industry 
this year will consist of the rehabilitation of the 
existing plants and the installation of additional fin- 
ishing plants. Naturally, there will be a demand for 
data covering the equipment of the present modern 
plants and two of the frequent questions will be: 


How many BTU’s per ton 
How many KWHrs per ton 


Our editorial staff, the electrical and combustion 
divisions of the A.I.&S.E.E. will answer these ques- 
tions and many others during the year. 


All of the papers presented before the district 
sections of the A.I.&S.E.E., the proceedings of the 
Combustion Engineering Division, the convention 
transaction, will appear in the Iron and Steel Engi- 
neer. 


The Safety Section of the A.I.&S.E.E. will also 
be given a prominent section. 


ELECTRICALLY HEATED SOAKING PITS 


Like every other new innovation, the Electrically 
Heated Soaking Pit, must prove its superiority in 
every particular, before its universal adoption.. It 
has its merits beyond any doubt, however; it has 
still some disadvantages, and all of the disadvan- 
tages must be overcome before the gas-fired pit is 
eliminated. 


In this issue is contained a paper covering the 
performance of an electrically-heated soaking pit, 
operating at the Donner Steel Company, at Buf- 
falo, N. Y. 


We believe this paper is the first one ever pre- 
sented covering the operation of an Electrically- 
Heated Soaking Pit. 

The complete discussion on this paper will ap- 
pear in the March issue of Iron and Steel Engineer. 


FUEL SAVINGS CONFERENCE 


At the last committee meeting of the Combus- 
tion Engineering Section of the A.I.&S.E.E., it was 
decided to hold the Annual Fuel Savings Conference 
at Pittsburgh on May 13th and 14th, 1925. 


A power show will be held in connection with 
the conference, and all of the manufacturers of 
Power Apparatus will be given an opportunity to 
display their apparatus. 


Details in connection with the papers and show 
will be printed in the next issue of this periodical. 


ANNUAL CONVENTION 
AND 
IRON AND STEEL EXPOSITION 


At the last regular meeting of the Board of Di- 
rectors it was decided to hold the Annual Conven- 
tion and Iron and Steel Exposition in the City. of 
Philadelphia during the week of September 14th to 
19th, 1925. 

The technical sessions will cover the subjects of 
Safety, High Tension Switching, Motors, Combus- 
tion, Electric Heating, Power House Auxiliaries, etc. 


The Iron and Steel Exposition will, in all proba- 
bility, be held in the Philadelphia Commercial Mu- 
seum, one of the largest auditoriums in the United 
States. Over 100,000 square feet of space will be 
available for exhibits.. This will be the largest 
exposition in the history of the A.I.&S.E.E. 


In order that you may keep fully informed of the 
details and happenings of the Convention and Expo- 
sition, we will print some worth-while information 
in every issue of the Iron and Steel Engineer. 
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HE selection of a proper control for auxiliary 

% units in the steel mill is a point that must be 

given careful consideration. In some of our old 

mills a control scheme that would start, stop and re- 

\ verse the auxiliary equipment at a speed fast enough 

4 to keep the mill in operation was about all that was 

: § desired. But in our more modern mills, where electri- 

\ fication of mill drive has become practically universal 

and where a large portion of the money invested is in 

electrical equipment, the question of protective control 
,} devices has become very essential. 

' The object of this paper is to consider the proper 





adjustment most suitable to the particular requirements 
of individual mill auxiliaries. This discussion of aux- 
} iliary control -will refer primarily to the controls for 
Manipulating or Intermittent Drives, which service is 
now universally performed by direct current motors. 


>? and installed. The requirements are: 
First: It must not interrupt the operation of the 
| mill, but must on the other hand, increase the output. 
Second: But by no means less important, it must 
serve as a protection against the severe duty common 
to all steel mill auxiliary drives. 


< To meet the requirements of the modern steel mill, 
1 various schemes of magnetic control have been designed 
Magnetic switches controlled by series relays with 
overload relay protection, operated by two speed mill 
type controllers, seems to be the most common control 
equipment for all secondary auxiliaries. A few ex- 
> amples of secondary auxiliaries are running drives 
where direct current motor acceleration and reversals 
do not have to take place in one second, as non-re- 

versing tables, ingot buggies, ordinary crane service and 

continuous duty drives. 

For primary auxiliary duty, such as reversing de- 
livery tables, lifting rigs, ladle cranes and screw down 
drives, where acceleration or de-celeration must take 

place in one second or less it has been found ‘rom ex- 
perience that magnetic control can not be successfully 
operated with series relays, because it takes too much 
time for these relays to operate before the contactor 
switches begin to close. It is then impossible to get 
the required number of switches to operate in so short 
a period as this type of drive calls for. It is an estab- 
lished fact that in a modern mill these accelerations 
and de-celerations must take place in one second or 
less, to properly serve the mill. A smaller resistor with 
a less number of switches would not have enough ca- 
pacity to carry the current, as will be shown later. In 
operating such drives, the series relays are omitted. 
The time element of the switches and the number of 
switches then determines the acceleration period. The 
problem in the successful operation of this control is to 
limit the accelerating current peaks by properly ad- 
justing the several resistance steps in the resistor. 
Since the number of switches fixes the time of accelera- 
tion it is a simple matter to increase or decrease this 
time by increasing or decreasing their number provided, 
of course, proportional adjustment can be made in the 
resistor. 








*Engineer of Tests, Tenn. Coal, Iron & R. R. Co., Bir- 
mingham, Ala. 
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Figure 1 is a theoretical acceleration diagram suit- 
able for showine the current action in any d-c motor 
when operated L, magnetic switches with series relay 
control. The diagram is plotted for an acceleration 
period of one second or less, as this is the time usually 
allowed on primary operations. Two 100 H. P. series 
shunt motors in series are generally used on such drives 
in our Fairfield Mills and this diagram has been plotted 
to suit these particular conditions. I is the rated full 
load or 100% current and Imax is the necessary start- 
ing current generally taken as 150% rated full load 
current. One, 2 and 3 are the several magnetic con- 
tactors controlled by series relays. Rl to R3 are the 
several resistance steps denoting the percentage of re- 
sistance cut out as each successive contactor closes. 
Ra is the armature resistance taken as 20% of R for 
two motors in series and from 7% to 10% for single 
motors. The number of switches on each contactor 
board is always one less (n-1=2 in this case) than 
the number of peaks in the acceleration curve. Ana- 
lyzing this curve, consider the motors as starting from 
rest, as shown at the lower right hand corner of the 
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diagram. As the controller is thrown on the current 
passes through the overload relay. The main controller 
and reversing contactors all being simultaneously closed, 
the current passes through the entire resistance in series 
with the motor and rises to Imax. (150% motor cur- 
rent rating.) The motor begins to accelerate as the 
armature counter voltage builds up and the current falls 
from Imax. to I, at which point the first relay operates 
closing No. 1 contactor, jumping out resistance R1, the 
current again rising through the remaining resistance 
to Imax. As the motor continues to accelerate the 
current again falls to 1 and relay No. 2 operates closing 
No. 2 contactor which cuts out resistance step R2. The 
current peak again rises to Imax. and falls off as the 
motors accelerate. This procedure continues until all 
the resistance steps are cut out. Then the current peak 
in the last contactor falls to a point either the friction 
load or actual load of the motor. The diagram shows 
that 30% of the total acceleration time is left for the 
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motors to build up to full speed after the last con- 
tactor closes, 20% of this time being consumed in over- 
coming the armature resistance and 10% of this time 
is allowed to bring the motor up to full speed. The 
next step in developing the theoretical operation is to 
determine the exact amount of resistance that must 
be used in each step of the resistor to give the desired 
starting peaks. Figure No. 2 is a resistance diagram. 
Assuming the motor flux as constant, the total resist- 
ance R of the resistor and motor circuit is determined 
by the simple application of Ohm’s law. The following 
steps of the resistor are so proportioned that the momen- 
tary rush of current, as each additional step of the 
resistor is introduced, will not exceed the required 
Imax. Referring to the first example in Fig. 2 the 
resistance and voltage drop across each contactor step 
is figured. In the second example in Fig. 2 another 
scheme of arriving at the proportions of these resistor 
steps is shown. 

Referring to Fig. 3, an actual acceleration curve is 
shown, taken from two 100 H. P. series shunt motors 
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connected in series, driving the rolls of a reversing de- 
livery table in the Blooming Mill at the Fairfield Works. 
Only two of the five regular contactors on this control 
panel were used, the remaining switches being cut out 
for this test. The two contactor switches being operated 
by continuous duty coils through series relays. Previous 
to making the picture the grids in the resistor were ar- 
ranged according to the theoretical examples given 
above. As the time of this acceleration was limited to 
one second it was not possible to use more than three 
switches as explained in Fig. 1. It will be noted that 
a theoretical acceleration curve is not obtained when 
the motor starts from rest. As the most severe service 
of these motors is on plugging, the resistor was so ar- 
ranged and the relays so adjusted as to give as nearly 
as possible the theoretical curve under the most severe 
duty. 

Examining the curve in Fig. 3, it will be seen that 
the first peak in starting rises to 470 amperes, the sec- 
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ond peak to 930 amperes and the third to 1,000 
amperes. The actual time taken for the two switches 
to operate is .616 second and the motors were under 
full speed from rest in .983 sec. drawing 310 
amperes under friction load. On plugging the first 
peak rises to 900 amperes, the second to 930 amperes 
and the third to 800 amperes, running again under fric- 
tion load at 310 amperes. The time for the two 
switches to operate was .933 sec. and the motor was 
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under full load speed from plugging in 1,293 sec. It is 
noted that the series relays operated in each case around 
540 amperes, also that the plugging peaks are not any 
higher than the starting from rest current peaks. It 
would have been possible to have used three accelerat- 
ing switches in starting from rest, but on plugging the 
time limit of one second is reached with two switches. 
If another switch was introduced the starting peaks 
could be lowered but the time required would not be 
in the one second limit. From further tests it was 
shown to be impossible to operate the contactors faster 
than .16 sec. per switch, if the series relays were used. 








Also that it required .2 sec. for the series relay to 
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operate before the switch begins to close. Hence it 


would be impossible to use more than two relay op- 
erated switches and still come within the time limit. 
Referring to Fig. 1, it will be seen that the area of an 
accelerating triangle is always constant, no matter what 
the starting conditions might be. If the time element 
of the switch is shortened the current peaks will be 
higher and vice versa. With the motors operating 
under these conditions the time of acceleration is ac- 
complished, but the current peaks did not bring the 
motors up to operating speed, consequently the resistor 
was continually carrying these peaks which ran. the 
grids red hot in two hours’ operation. It was evident 
that the time for operation of the switches had to be 
greatly decreased and that more resistance units would 
be necessary to split up the accelerating current. By 
plugging out the series relays it was possible to reduce 
the time of operation of the contactors to .16 sec. 
which is the time element of the switch alone. Further 
tests showed that the motors would actually accelerate 
to a sufficient speed to operate the rolls in less time 
than the five regular switches on this control could be 
automatically closed. Therefore the protection to the 
motors still remains, after the series relays are cut out 
and the time element of the proper number of switches 
is the limiting protection. The two overload relays, 
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one on each side of the line, being a double protection 
in the extreme cases. Now five contactors will close 
in .8 sec. or .16 sec. per switch. After further research 
we found that the speed of the contactors themselves 
could be reduced from .16 sec. to .12 sec. by operating 
them with mill duty coils instead of continuous duty 
coils. The mill duty coils have about % less turns, 
build up in .04 sec. less time than the former coil and 
serves intermittent operation successfully. 
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Previous to this oscillograph investigation, the gear 
ratio on the reversing roll drives had been increased 
from 2 to 1, to 6 to 1; as it was found that the ex- 
cessive current peaks were burning up the resistors and 
it was necessary to keep cooling air on the motors to 
operate them at all. A paper read by Mr. J. E. Fries 
of this Association on “Influence of Gear Ratio on 
Speed of Operation,” gives in detail the particulars of 
this trouble and the success obtained by increasing the 
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gear ratio. With the gear ratio trouble out of the way 
it was Dossible to begin a series of tests to properly ad- 
just the resistors. 


The object of the oscillograph investigation was to 
determine the present condition of the control panels 
and to find what changes could be made that would 
give the desired acceleration of the motors and bring 
the operation of the mill up to a maximum. The first 
control to be investigated was one operating a reversing 
delivery drive. With all the relays functioning on this 
drive, the time of acceleration from stand still was 
1.6 sec. and on plugging 2.6 sec. This, of course, was 
entirely too slow for mill operations. Fig. 4 is an 
oscillograph picture showing the actual acceleration 
curve of two 100 H. P. series shunt motors referred 
to above, on a reversing delivery drive. As found when 
our investigation began, all five switches were working, 
but all five relays had been blocked out in order to 
give as nearly as possible the time limit of one second 
acceleration and to keep the mill in operation. The 
curve shows that the actual time taken to accelerate 
from rest and plugging required 1.166 sec. The start- 
ing from rest peak reached nearly 1,000 amperes and 
the plugging peak nearly 1,500 amperes. The rated 
current being 400 amperes for each of the two motors 
in series. It is obvious that these peaks are entirely 
too high and the time of acceleration of the switches 
is above one second. Upon investigation we found 
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that the arrangement of resistor units had been changed. 
Where there was formally one bank, there were now 
two banks in multiple in order to give ample capacity 
for carrying the enormous current peaks drawn by the 
motors before the gear ratio had been increased. After 
the gear ratio adjustment naturally these resistance 
units were taking more than enough current to han- 
dle the load. The resistor was then rearranged and 
Fig. 5 shows an unsuccessful effort to adjust this con- 
trol. Here the acceleration from rest and plugging 
takes place in .95 sec. The current peak on starting 
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is now 840 amperes and the plugging peak is 1,200 
amperes. The current peak on plugging is still a little 
too high. The grids of the resistor were then rear- 
ranged according to factory drawings. Fig. 6 shows 
the resistor operating with continuous duty coils and 
all relays plugged. The switches now close in .75 sec. 
and the starting current peak rises to 920 amperes and 
on plugging, to 1,100 amperes. We then substituted 
the mill duty coils to speed up the action of the 
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switches. Fig. No. 7 shows the final outcome of the 
results obtained which were satisfactory. The curve 
now shows that the acceleration from rest and plugging 
occurs in .766 sec. This is a fraction slower than in 
Fig. No. 6, but the real advantage gained is that the 
current taken in both starting and plugging instances, 
is 1,000 amperes. It is of interest to note that now the 
more severe service on plugging does not require any 
more current than the starting from rest duty. Also 
that we have reduced the time of acceleration of the 
switches from 1.166 sec. to .766 sec. or a gain of 34% 
in time from what it was when we first began our ob- 
servations in Fig. No. 4. The controllers all operate 
nicely under these conditions and no more-tooling air 
is necessary to keep the motors operating. Examina- 
tion of the motors showed that commutation was per- 
fect. 


A counter voltage curve is shown on Fig. No. 7, in- 
dicating the rise of potential as each successive step of 
the resistance was cut out. Examining the plugging 
curve it will be seen that three contactors have actually 
closed before the motor is de-celerated and begins to 
rotate in the opposite direction as is shown where the 
curve crosses the zero line and takes up a new position. 
The time involved in this de-celeration is .5 sec. These 
motors have now been in service for six months since 
the gear ratio and resistor adjustments were made. 
From all indications we may expect an extended dura- 
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tion of the life of this drive. Repairs and replacements 
on the contactors have also been reduced to a mini- 
mum. 


The next control to be adjusted was on the screw 
down drive at the same Blooming Mill. Previous to 
these tests the gear ratio had been increased from 2 
to 1 to 3 to 1 as explained in Mr. Fries’ paper pre- 
viously referred to. The first step in this adjustment 
was to see that the boards were arranged according to 
specifications ; and that the series relays were al! plug- 
ged out. Fig. No. 8 shows that the time of acceleration 
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was .766 sec. from rest and .75 sec. on plugging. The 
highest starting current peak is 640 amperes and the 
highest plugging peak is 960 amperes. Note the im- 
proper performance of the curve on the first two 
switches. It appears as if the main contactor and the 
first and second switches might have been very nearly 
operating in conjunction. Fig. No. 9, shows these same 
motors after the contactor switches had been equipped 
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with mill duty coils. Now all five switches are operat- 
ing properly on both starting and plugging in .7 sec. 
The current peak on starting is 700 amperes and on 
plugging is 1,080 amperes. As plugging on a screw 
down drive is naturally the most severe service as com- 
pared to starting this curve is satisfactory; especially 
in view of the fact that the time of acceleration has 
been reduced by .06 sec., and the operation is now serv- 
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ing the mill perfectly. There is now no further oc- 
casion for the use of cooling air on the motors, which 
have been in operation for one year and are still run- 
ning nicely. 

It will be noted in the above curves that the current 
readings have been taken at the highest peaks. In 
reality the general average of the area of each accelera- 
tion curve is the true burden of the motors. Such an 
average taken from the screw down curve in Fig. No. 


Fig. 13. 
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8, shows that the burden on starting from rest and 
under load is approximately 500 amperes. On plug- 
ging and under load it is approximately 800 amperes. 
The fact is that in actual mill operation of such pri- 
mary auxiliaries, the true intermittent load of the 
motors is always the average of the acceleration current 
curve. It can not be less because the reversals of the 
mill take place so rapidly that the current does not ap- 
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preciably fall to the normal rating of the motors. It is 
then obvious that a control of sufficient capacity be 
installed, that will not only break the arcs of the ac- 
celerating current peaks but at the same time handle 
the load current of the motors in average mill opera- 
tion. 

Fig. No. 10 shows a control in the Plate Mill op- 
erating the back reversing tables, where the relays 
were all supposed to be blocked out. It is shown from 
the curve that the relay on the first switch worked 
when the motor was reversed taking .833 sec. to op- 
erate. To adjust this control we simply made sure that 
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the relay was positively blocked; thus speeding up this 
drive .833 sec. on each plugging operation of the motor. 

The curve in Fig. No. 11 is taken from a control 
with the original continuous duty coils on the con- 
tactors. Acceleration and de-celeration of the motors 
operated by this control takes place in .45 sec. Special 
mention is here made to the accuracy of the oscillograph 
in detecting the most minute details of this control. An 
irregularity is seen at the point of the curve just before 
the motor was shut down, from its starting from rest 
run. Here the operator was a little slow in bringing 
the lever of the controller all the way back to neutral 
position, and the motors for an instant (actually .1 
sec.) ran on the first controller point. Fig. No. 12, 
shows a curve taken from this same control after mill 
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duty coils had been substituted for the original continu- 
ous duty coils. The acceleration and de-celeration 
periods are now .433 sec. or just .072 sec. faster than 
in the former case. 

For further discussion along the line of control, 
some very interesting tests and data have been col- 
lected from the 44-inch Bloommon Mill Screw Down 
at the Ensley Works. This drive was first installed in 
1908 and the Electrical Superintendents have succeeded 
in building for themselves a scheme of control that is 
in many respect very unique in its designs and highly 
effective in its results. In this mill the screw down 
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service is performed by a 100 H. P. 750 R. P. M. 
series motor, through geartrains of a 10.5 to 1 ratio 
Fig. 13 is a schematic diagram showing the arrange- 
ment of this drive. The control switches are of the 
contactor type. The two forward and the two revers- 
ing switches are of 600 ampere capacity, and the two 
accelerating switches are of a 400 ampere rating. 
There is inserted in the line to the field circuit a per- 
manent limiting resistor, which prevents the current 
from rising above a predetermined point (150% full 
load current rating) under any conditions of operation. 
This control is operated from a two point forward, 
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two point reverse master drum. See Fig. 14. On the 
first point of the controller the entire resistance is 
thrown into the circuit, see diagram R1-R2, R2-R3 in 
figure 14. As the accelerating switches operate the 
starting resistance is cut out, leaving the resistance of 
the motor together with the resistance of the limiting 
resistor in the circuit. With this arrangement neither 
the motor nor the control can be excessively overloaded 
under any conditions of operation. The accelerating 
switches being only two in number always insures quick 
starting. Quick stopping is also as easily obtained. 
There are no brakes either mechanical or electrical on 
this drive, braking being performed only through the re- 
sistor. When the operator throws the controller on the 
first point the motor is started through the entire resist- 
ance. On the running point the current flow is limited 
by the permanent resistor in the motor circuit. In the 
event the motor is plugged straight across the line, the 
limiting resistor will prevent an excessive current peak. 

Fig. 15 is an oscillogram showing the normal opera- 
tion of this control. It will be noted that on starting 
the current does not rise above 450 Amps. On plug- 
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ging straight across the line the current peak does not 
rise above 850 Amps. Acceleration is performed in one 
second, while the time required to actually plug the 
motor is .2 second. 

Figure No. 16 is another oscillogram taken when 
the rolls were being driven down at the same time 
steel was passing through them. This kind of operation 
is common practice with all steel mill rollers, and due 
consideration was made of this fact in the assembling 
of the contactors, so as to make ample provision for 
this kind of duty. On examining the curve in this Fig. 
16, it will be seen that the current did not exceed 65C 
amperes throughout the entire time of 1.72 seconds 
that the rolls were being forced down on the steel. 
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Figure 17, is an oscillograph curve taken to show 
the actual operating speed of the screw when started 
from rest and driven down for a 6-inch travel. The 
time required being 3.9 seconds. Starting from rest the 
rolls were raised 6 inches in 3.25 seconds as shown in 
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Fig. 18. With the screw traveling down at full speed 
after the motor had been accelerated, it was noted that 
a 6-inch travel was made in 2.1 sec. as shown in figure 
19. With the screw running up at full speed under the 
same conditions, the time required to travel 6 inches 
was 1.7 seconds as shown in Fig. 20. 

This mill has an average record of 35,24"x24” in- 
gots per hour. On a special one hour test 46,24”’x24" 
ingots were rolled. 

On secondary Auxiliaries or continuous duty drives, 
the matter of prolonging the life of motors is easily 
accomplished where magnetic control is used. Here 
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the accelerating burden of the motors can be decreased 
by adjusting the series relay control so as to prolong 
the duration of the starting period to two, three or even 
more seconds, thus cutting the starting current peaks 
to the very lowest figure. On this class of drives where 
the time required to start motors does not affect mill 
operation, this point should be taken advantage of. If 
the relays are set to require about three seconds for 
the motors to come to speed, ample protection will be 
obtained. Of course each individual drive should finally 
be adjusted to suit its particular conditions. Thus the 
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proper adjustment of auxiliary motor control where 
each class of drives has its special requirements satisfied, 
has been the means of speeding up the production of 
our mill, of increasing the efficiency of our motors and 
of greatly extending the lives of these motors and 
their respective controls. 
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The Measurement of Electricity as Applied to 
Industrial Plants 


By H. P. PRATT* 


they purchase power from a_ public util- 

ity or generate their own power, should 
be vitally interested in the methods used to 
measure this power and they should make systematic 
tests of their power consuming devices to determine 
whether or not these devices are working at their maxi- 
mum efficiency. The types of measuring devices used 
to determine the power consumed depends, to a great 
extent, upon the class of load being measured and 
whether or not the supply is direct or alternating cur- 
rent. For this reason it seems advisable to give a brief 
description of the various types of instruments that 
may be used to measure the various loads. 

In any electrical circuit to which a load is connected, 
we have available a pressure or voltage, and a current 
flow; the pressure in general being constant and the 
current varying with the applied load. The power or 
rate of expenditure of electrical energy in a circuit in 
any instant is, in the case of direct current circuits, al- 
ways equal to the product of the current flowing at 
that instant, measured in amperes, and the voltage at 
the terminals of the circuit at that instant. In other 
words, power in watts is equal to the product of the 
amperes and volts flowing at any given instant in a 
direct current circuit. The power in an alternating 
current circuit involves an additional factor which is 
taken up later in this paper, but it also requires the 
measurement of volts, aynperes and watts. Hence, we 
are most concerned with the operation of ammeters, 
volt meters and watt meters. 

There are three groups into which these instruments 
may be divided and for convenience these are called in- 
dicating, integrating and graphic meters. An indicat- 
ing meter is one in which a pointer moves over a scale 
and indicates at any instant the value of the quantity 
being measured by the instrument. A graphic instru- 
ment is similar in a great many respects to the indi- 
cating instruments but, in place of a fixed scale, the 
instrument is provided with a chart which moves under 
a pointer and as the pointer carries a stylus or pen, the 
chart gives a record of the position of the pointer at 
any given instant. The chart in this type of instru- 
ment is moved by a clock and the rate of movement 
can be varied to suit the conditions of the test. In 
general both of the groups show instantaneous values. 
However, in the case of the graphic it is possible to 
determine the actual time interval during which certain 
quantities were measured. 

The integfating instrument differs from either of 
the above in that the factor of time is involved when 
measurements are taken with them. In other words, 
these meters register the electrical quantity measured 
over a period of time and in no case do they give from 
observation the instantaneous value of the quantities 
under measurement. 

Both the indicating and the graphic ammeters and 
volt meters are essentially alike in their general con- 
struction. “Ammeters and voltmeters consist of a fixed 
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and moving coil, a pointer attached to the moving coil 
and a fixed scale over which the pointer moves. Am- 
meters are always connected in series with a circuit in 
which measurements are being taken, that is, they are 
connected in such a way that the total current passes 
through the instrument. Voltmeters on the other hand 
are connected across a circuit to be measured and indi- 
cate the difference in pressure of the circuit. With the 
exception of ampere hour meters which have a limited 
application, ammeter and voltmeters are not used as 
integrating devices. 


As a general proposition, power measurements as 
such, are usually taken with watt meters and energy 
measurements which require a time interval are taken 
with watt-hour meters. The watt meter is similar in 
its constructional details to the ammeter and voltmeter 
in that it has a fixed and moving coil, a pointer at- 
tached to the moving coil and a fixed scale over which 
the pointer moves. It differs from the ammeter and 
voltmeter in that its fixed coil is connected in series 
with the circuit to measure the current consumed and 
its moving coil is connected across the circuit to be 
measured, hence the indications are the product of the 
current and voltage or watts. The watthour meter dif- 


‘ fers greatly in this construction from any of the classes 


previously discussed. The direct current watthour 
meter is in effect a small motor and it con- 
sists of a fixed coil connected in series with a 
circuit and a movable coil which is connected across 
th circuit; this movable coil being free to rotate. ‘The 
current is led into and out of the movable coil by 
means of a commutator and brushes. The revolutions 
of this coil are transmitted through gearing to a regis- 
ter, which register is marked to indicate killowatt 
hours. The alternating current watthour meter differs 
again from the direct current watthour meter :rd this 
watthour meter has a current coil and a potential coil 
and these coils are wound upon laminated iron frames. 
Between these coils is placed a disc which is free to 
rotate and the speed at which the disc rotates depends 
upon the power in the circuit. The rotation of this disc 
is transmitted through suitable gearing t» the register 
which is marked in kilowatt hours. 


Measurement of Power in Direct Current Circuits 


As a general proposition the measurcment of power 
in direct current circuit is comparatively simple, as in 
this type of circuit the current flows out one wire and 
returns on the other wire of a two-wire circuit and 
the d.rection of current is always the same. The power 
fl wing in this circuit can 'e m:isurec by an ammeter 
and a volt meter of the ialicating type and the sum of 
the readings cbtained froin the two instruments is a 
measure of the instantaneous watts or power flowing 
through the circuit at that instant. If it is desired to know 
the average watts taken by a load for a given period such 
as one hour, one day, etc., this method is not satisfac- 
tory, as it would require the continuous observation and 
recording of the readings of these two instruments for 
the period desired. A better method of measuring this 
power for a long period is to use the direct current 
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watthour meter, which meter will register on the dial 
the product of the average watts and of the time inter- 
val during which the power is being measured. It is, 
of course, possible 12 measure this power with graphi< 
instruments, but one objection to this is that for long 
periods the charts must be minutely analyzed and ob- 
servations for small increments of time must be calcu- 
lated from the char: readings and then totalled to obtain 
the average power. 

It has often beea asked and justly so, why so many 
utilities are changing from direct current distribution 
to alternating current distribution. One of the factors, 
and by no means a small onc, is the fact that due to 
the oxidization of the brushes and commutator on 
direct current watthour meters, it is extremely difficult 
to keep the watthour meter in adjustment so that it 
will measure the true power consumed; the general 

- tendency is for these meters to run slow. 


Measurement of Power in Alternating 

Current Circuits 

The measurement of power in alternating current 
circuits is not as simple as the measurement of direct 
current circuits, and we will now consider some of the 
factors entering into this. 

An alternating current circuit differs from a direct 
current in that the current no longer flows continuously 
out one wire and returns on the other wire. In a single- 
phase alternating current circuit the current and voltage 
start from zero, rise to a maximum value, return to 
zero, reverse and rise to a maximum value in the oppo- 
site direction and again return to zero. This change in 
the direction of flow is called a cycle and in a 60 cycle 
system we have 60 such reversals per second; thus in 
an alternating current system the terminals of the cir- 
cuit are alternatingly positive or negative and the cur- 
rent flows first in one direction and then in an opposite 
direction. If in a given circuit the current keeps step 
with the voltage as it changes direction, the power can 
be measured with a voltmeter and ammeter and the 
power is volts times amperes, the same as in a direct 
current circuit. 

Nearly all circuits, however, contain at some point, 
coils or turns surrounding or surrounded by iron and 
the frequent charging and discharging of these electro- 
magnets by the reversals of the current, causes the cur- 
rent to get out of step with, or as we say, to lag be- 
hind the voltage; so that to give the same power as 
when they are in step, an increased current is required 
and the more they are out of step, the greater this 
increase in current. A magnetic field absorbs energy 
when the current is increasing and is building up the 
field and it returns energy when the current is decreas- 
ing and the magnetic field is dying away, in the same 
manner that a spring does when subjected to a varying 
pressure. 

In any single-phase circuit containing a magnetic 
field the pointers of an ammeter and a voltmeter will 
indicate the effective values of the current and voltage 
that exist in the circuit, but as the current is lagging 
or out of step with the voltage, the average power of 
this circuit will be less than the product of the volts- 
amperes and the ammeter-volt meter product is called 
the apparent power to distinguish it from the real 
power and the unit of the apparent power is the volt- 
ampere. When the current and voltage reach their 
maximum values at different times, we say that the 
current is out of phase from the voltage, or that there 
is a difference in phase between the current and voltage. 
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It is possible by means of specially designed instru- 
ments such as an oscillograph, to obtain a picture of 
the voltage wave and the current wave and to determine 
from this picture the actual angle by which the current 
lags behind the voltage; this angle being called the 
phase angle. 


We now have a circuit in which the current is lag- 
ging behind the voltage and we wish to determine the 
apparent power and the real power of the circuit. As 
previously stated, the apparent power can be obtained 
with an ammeter and a volt meter, but the real power 
must be obtained with a watt meter. As the current 
in the current coil of the watt meter and the voltage in 
the voltage coil of the watt meter are reaching their 
maximum values at different times, the watt meter will 
actually indicate only the real power in watts which is 
being consumed by the load. As the watts will be less 
than the volt amperes for a given condition of load, 
there will be a certain relation between the apparent 
power (volt amperes) and the true power (watts), and 
this relation or difference is called the power factor and 
is obtained by dividing the watts by the volt amperes. 
When the current and voltage are in step, we say that 
the power factor is unity, or in other words, the volt- 
amperes and watts are equal. When the watts are less 
than the volt amperes the power factor is less than 
unity and its value depends upon the particular load 
connected. 

Practically all power is supplied from a poly-phase 
circuit. A poly-phase circuit consists of two or more 
single phase alternating current circuits in which the 
respective voltages are out of phase and this phase 
difference depends upon the particular system used. In 
a two-phase system the voltage between phases is 90 
degrees, while in a three-phase system the voltages 
differ in phase by 60 degrees or 120 degrees. As pre- 
viously stated, the power in watts in a single phase cir- 
cuit may be measured with a watt meter. In a three- 
phase circuit, the power is usually measured by either 
two single phase watt meters, or these two watt meters 
may be combined constituting a poly-phase watt meter, 
in which case the movable coils are mounted on the 
same pointer shaft. 


It is advisable to consider the question of power 
factor and its measurement in alternating current cir- 
cuits. 

A consideration of the question of power factor and 
its effect upon the operation of electrical apparatus in- 
volves several simple fundamental laws of electricity. 
First, the current carrying capacity of an electrical con- 
ductor, whether it be in the winding of a generator, 
motor, or transformer, or a part of a distributing sys- 
tem, is limited by the heat of the conductor, this being 
true, any condition which requires the passage of a 
greater current for the transmission of a given load re- 
duces the capacity of the apparatus of the system of 
which the conductor forms a part. Second, the loss of 
energy in a conductor carrying a current, whether it 
be in the windings of a machine or a part of a dis- 
tributing system, is equal to the resistance of the con- 
ductor multiplied by the square of the current flowing 
in it; this being true, any condition which increases the 
current necessary to carry a given load increases the 
loss of energy proportional to the square of the in- 
creased current. Third, the drop in voltage in an elec- 
trical conductor is the product of the resistance of the 
conductor and the current flowing, so that any condi- 
tion which increases the current necessary to carry a 
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given load, increases the drop in voltage, thereby mak- 
ing the voltage regulation poorer. 

The causes of low power factor are mainly lightly 
loaded induction motors and transformers, electric arc 
furnaces or other inductive apparatus. It will be seen, 
therefore, that the causes of low power factor are in 
general the greater part of the load upon the alternating 
current generator. 

Electric motors are frequently bought and sold on 
the plan of “get them large enough.” When a man 
purchases motors much too large for the load to be 
carried, he makes a bad investment, for the following 
reasons: (a) The larger motor costs more than one 
of the proper size; (b) The larger motor lightly 
loaded, consumes more power in carrying the load 
than one of the correct size properly loaded; (c). The 
larger motor partially loaded operates at lower power 
factor than the correct size fully loaded. 

Every industrial plant, regardless of whether it gen- 
erates its own power or purchases it, should make a 
careful survey with the proper instruments to deter- 
mine the power. factor of its load devices and should 
arrange to re-group and change its load so that the 
motors and other appartus are operating at the highest 
possible power- factor. The method of making such 
measurements will now be described, assuming that we 
are treating a three-phase circuit. 


For instantaneous determination, a poly-phase indi- 
cating watt meter, a voltmeter and an ammeter should 
be connected in the circuit of the device in the test, 
care being taken in all tests described in this paper to 
make sure the instruments are of large enough size to 
indicate the load in question. From the instantaneous 
observation of these three instruments the power taken 
by the device and the power factor of the device may 
be determined as follows: The reading of the ammeter 
times the reading of the volt meter times the factor of 
1.73 will give the total volt amperes input to the load. 
The reading of the watt meter will give the true power 
in watts and these watts, divided by the total volt am- 
peres, will give the power factor of the load, at the 
instant of test. If it is desired to determine the power 
and power factor over a long period of time and it is 
desired to know the variation in load and power factor 
during this period of time, a graphic ammeter, graphic 
volt meter and graphic watt meter should be connected 
in the circuit to the load and the readings of these 
totalled, as explained for indicating instruments. As 
stated above the behavior of the load at any interval 
may be determined. To obtain the average power and 
average power factor for a period of a week, month, 
etc., recourse may be had to the integrating type of de- 
vice which would consist of one poly-phase watthour 
meter, so connected as to measure the true power and 
a second watthour meter, with a special form of trans- 
former, arranged to read the so-called reactive or waste 
power. From these two readings a simple calculation 
will give the average power factor of the load during 
the period of test. If a survey of each load consum- 
ing device shows such devices operating at power factor 
much under unity, steps should be taken to overcome 
this condition by a re-arrangement of the load. 


The results obtained from tests of motors or other 
devices with graphic instruments have other values 
than merely a record of the power consumed or of 
the existing power factor. These records quite often 
bring to attention matters that would perhaps otherwise 
go unnoticed. There may be defects in the machines to 
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which a motor is connected that are not in themselves 
serious enough to prevent the operation of the machine, 
but this defect may require a greater input to the motor 
than if the machine was in perfect condition, resulting 
in a needless waste of power. Further, such records, 
if secured at regular intervals, serve to indicate whether 
the machine being driven by a motor is operating in 
normal condition, thus anticipating breakdowns which 
might cause considerable loss of production. 


Idle machines mean not only loss in production, but 
loss in wages while men are idle. Systematic tests of 
the various motors used in a plant will indicate whether 
such motors are being utilized to the best advantage or 
whether there are a number of idle periods in the op- 
eration of the driven machine. Graphic records will 
also show whether men are starting work promptly and 
working up to the regular quitting time or are losing 
time at these periods. : 


When installing instruments for any purpose, con- 
sideration should be given to the class of load to be 
metered. For example, in attempting to obtain the 
total load on some air compressors driven by 3-phase 
motors, it was found that the pointer of a certain type 
of graphic meter, which operates on a relay principle, 
would remain at any point on the chart that it was 
moved to by hand, regardless of the total load passing 
through the meter. An analysis of the conditions 
showed that the load changes were varying rapidly, 
within, however rather narrow limits, and the relay 
within the instrument was naturally vibrating up and 
down with the rapid load changes. These vibrations 
were so rapid that the instrument pointer control de- 
vice was not operating properly, hence the pointer did. 
not give a true indication of the load. As a general 
rule electro-dynamometer instruments, either indicating 
or graphic, will be found satisfactory for most pur- 
poses. 

There are certain precautions to be observed in the 
use of instruments that it seems worth while to call to 
your attention. Modern instruments, as a class, are so 
designed and constructed that they will stand a great 
deal of service under severe conditions if given proper 
care and guarded against abuse; and it is certain that 
the larger portion of the difficulties which arise in in- 
struments is the result of conditions which the user 
could have guarded against had he given the meter a 
little preliminary thought. It is not possible in a brief 
paper to compile a complete list of things to be avoided 
or all other things which are equally important to do, 
but as a general thing the following precautions should 
be observed. 

Instruments should be handled gently and should 
receive no jar or blow from contact with table, bench 
or other objects in order to avoid damaging the fine 
points of the pivots or the polished surface of the 
jewels. A common practice which is very detrimental 
to pivots and jewels is that of dropping instruments 
into their carrying cases. It is preferable to lay the 
carrying case on its side and slide the instrument slowly 
into the opening. Also, instruments should be protected 
from particles of dirt or lint which are apt to get into 
the instrument and cause friction. 

Instruments should not be placed upon a bench 
or other support which is subject to vibration from ad- 
jacent machinery and when instruments are connected 
into a circuit the leads should be so arranged that the 
instruments cannot be pulled from the table. One of 
the most common errors developing in the use of in- 
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struments is the proximity of stray magnetic fields, 
“these fields coming from conductors, other instruments, 
heavy masses of iron, or from dynamos and motors.” 
It is best to always place the instrument as far from 
such fields as possible and to twist together all of the 
leads connecting the instruments into their circuits. 

Before connecting any instruments into a circuit, one 
should make certain that the instruments themselves are 
of sufficient capacity to properly carry the load it is 
expected will flow through them. For direct current 
testing it is advisable to have a voltmeter with three 
ranges, 150, 300 and 750 volts. Direct current am- 
meters are in effect very low reading voltmeters and 
these milli-voltmeters are connected across a low re- 
sistance meter called a shunt; a proportionate share of 
the main line current flows through the milli-voltmeter 
and the remainder through the shunt- Care should be 
taken that the milli-voltmeter is properly adjusted to 
be used with the particular shunt and that the proper 
leads for connecting these two devices together are 
used, as the leads represent a portion of the milli-volt- 
meter circuit and are a part of the adjustment. 

In alternating current testing it is advisable to have 
a voltmeter with three ranges, 150, 300 and 750 volts; 
an ammeter wound for five amperes, full scale, and a 
wattmeter (either single-phase or poly-phase) that has 
a current coil is wound for five amperes, full scale, and 
potential coils wound for 150, 300 and 750 volts. For 
making tests where the current rating is greater than 
that of the instruments, a set of current transformers 
of various ratings should be kept on hand. These cur- 
rent transformers consist of a device having two sepa- 
rate windings, the heavier winding being connected in 
series with the line and the final winding being con- 
nected to the instrument; in any current transformer 
there is a definite relation between the heavy or pri- 
mary winding or the fine or secondary winding and this 
relation is such that when the primary is fully loaded, 
there is a current of five amperes in the secondary. 
This relation is known as the ratio of the windings. 
For voltages above 750, potential transformers maybe 
used and these transformers also consist of two wind- 
ings, one of which, the primary, is wound to be con- 
nected across the circuit to be measured, the other 
winding, the secondary, being connected to the potential 
circuit of the instrument, the relation between the two 
windings of the potential transformer is such that with 
full rated voltage on the primary winding a voltage of 
110 volts will be obtained from the secondary winding. 

When making any tests a careful record should be 
kept of the instruments used, the accessories used and 
a brief statement of the condition of test. It is ex- 
tremely important that careful notation be made of 
the accessories used and of their rating and care should 
be taken that the actual readings of the instrument are 
multiplied by the proper factor; which factor will in- 
clude the ratio of the current or potential transformers, 
or the reading and ratio of the shunts. 





DISCUSSION 
P. T. Vanderwaart*: I believe that the develop- 
ment of electric meters has been one of the most im- 
portant factors in the rapid progress which the elec- 
trical industry has made. Electric metering is to 
the electric industry what the printing press has 
been to civilization. 
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In opening the discussion, I desire to call attention 
to the very interesting inspectiontrip tothe Meter 
Department of the Metropolitan Edison Company and 
the excellent paper given by Mr. Pratt should bring out 
a very active discussion. 

Industrial plants are similar to a central station 
onasmall scale; infact, some plants are even larger 
than small public utilities. In such plants energy must 
be distributed and accounted for to a good many depart- 
ments, and most of this is done through the medium of 
meters, supervised by a meter organization. However, 
the development of this end of industrial plant work 
lags behind the same work of the public utility. Public 
utilities have taken the lead in the science of apportion- 
ing the cost of their output and now charge customers 
on the KVA basis. 

A. J. Standing*: I desire first to congratulate Mr. 
Pratt on the remarkably clear and concise manner in 
which he has handled the subject of Metering of Power 
before this somewhat mixed audience, without having 
recourse to the complicated mathematical formulae in- 
volved, which I understand he is well equipped to 
handle. 

The speaker has referred in detail to the subject of 
Load Power Factor and its bearing on the generation, 
transmission, metering, and selling of power. This is 
very important and is being more and more recognized 
as an economic factor to be considered in the production 
and distribution of A. C. power. 

The effect of probable System power factor on cen- 
tral station and transmission costs is such that the 
present so-called power factor bonus and penalty 
clauses appearing in power contracts are a step taken 
by the Power Companies toward the ultimate better- 
ment of power factor conditions over their systems. 
The bonus feature in the form of a rebate on power 
bills on the basis of improved power factor is an item 
worth taking into consideration by every power user, 
and while not as attractive, nevertheless the penalty 
clause is important as a means of bringing home to the 
power consumer the questions involved in poor power 
factor, and causing him to look for a remedy. 

Your chairman, in referring to these meetings of the 
Philadelphia Section away from Philadelphia as “Tak- 
ing the Show on the Road,” was taking a dig at me 
because I did not altogether favor the idea and even 
now I only admit the success of our few attempts to be 
due largely to the work done by our Secretary and the 
local representatives who have been instrumental again 
this evening in bringing Reading to our meeting in such 
gratifying numbers. I want to say to you engineers 
of Reading that the work done by our Philadelphia 
Section of the Association of Iron and Steel Electrical 
Engineers in meetings of this kind is being duplicated 
by the other four Sections in Pittsburgh, Cleveland, 
Chicago, and Birmingham, to the end that we may all 
grow in knowledge of the subjects involved in or akin 
to our normal activities. 

H. S. Rooney+: I cannot add anything to what 
Mr. Pratt has said, as I have only been in the Depart- 
ment of Meters about four years. My experience with 
meters had been very pleasant and five years ago the 
Meter Department in Lebanon had meters and only 
meters, but during the past year and a half they had 
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gone to the fore and under the guidance of Mr. Pratt, 
I feel that the Meter Department has been brought 
up on an A-l basis in respect to the metering of elec- 
tricity, as you no doubt noticed on your inspection trip 
this afternoon. 

E. B. Wagner*: I am pleased to be the guest of 
the Iron & Steel Association and to have listened 
with interest to Mr. Pratt’s paper. 

Our company is one of the large number of indus- 
trial concerns throughout the country who used central 
station power, and, as the metering of this power was 
not one of the main items of their business, they were 
not able to put the time or the organization on meter 
equipment, as would a central station whose entire 
revenue depends on the reading of the meters. I think 
it would be interesting to a number present if Mr. 
Pratt would outline a sample meter department or- 
ganization and equipment for an industrial plant. 

H. K. Hammond}: | wish to relate some experi- 
ences with the old chemical meters: During 
my employment with a certain Central Station, 
the metermen were often called upon to do other than 
meter work, and one cold winter day they were de- 
tailed to thawing out frozen water pipes with the con- 
ventional outfit, consisting of a 25 K. W. Transformer 
and Water rheostat. In one instance, after the pipes 
had been thawed out and the water started to flow 
freely, the owner, a foreigner, rejoicing over the ease 
in which we did the job, said how much did he owe 
us, we told him fifteen dollars ($15.00), he explained 
that was too much, the Boss explained that if he did not 
pay the bill, he would have the men reverse the current 
and freeze him up again. He paid. 

L. D. West?: I am interested in the human side 
of engineering, and some of my most helpful ex- 
periences have been associations made with the Iron 
and Steel Electrical Engineers, who I find to be 
a wide-awake bunch, doers and helping immensely 
to develop the application of electrical power to vari- 
ous uses. One of the greatest benefits of the Asso- 
ciation is the interchange of ideas between the 
men, which will broaden all of us and make us more 
useful in this field. As an illustration of this, I 
bring out the value of such acquaintances in afford- 
ing a means of getting hold of efficient men in an or- 
ganization. In order that the Metropolitan Edison 
Company could have an efficient Meter Department, it 
necessitated a continued search for the right man,_until 
finally Mr. Pratt was secured. In the same way, the 
company also wanted a man who had considerable ex- 
perience in steel mills, as this line of work forms an 
important branch of the utility business, and after con- 
siderable effort, Mr. Baker was secured. The Metro- 
politan Edison Company has tried to develop an In- 
dustrial Power Service Department whose function will 
be to come into contact with the larger power customers 
and give them the benefit of any practical experience 
which this department may have had in the applica- 
tion of electric power to industrial uses. 

On behalf of the Metropolitan Edison Company. 
I wish to thank the chairman and members of the 
committee for the opportunity of showing them the 
Meter Department, assuring you it is one of the 
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strongest factors in helping the Metropolitan Edison 
Company to co-operate with its customers. You know 
that the Governor advocates the extension of electric 
service to everyone and our company is_ always 
trying to render the best possible service to the people 
in its territory. 

G. W. Quentin*: “Unfortunately I was unable to 
attend the inspection trip this afternoon, but if what I 
have heard is correct, the demonstration was not only 
interesting but instructive, and I believe the Metropoli- 
tan Edison Co. should be congratulated on their efforts. 
We have listened to considerable discussion from the 
engineering side, and I would like to make a few com- 
ments from the commercial side. How many of us 
realize that the Electric Meter is what stands between 
our companies and our customers? Therefore, we 
should take steps to see that our customers thoroughly 
understand them and make full use of them and where 
they have meters of their own, see that they keep them 
calibrated and in good repair. 

About two years ago the Duquesne Light Company 
installed a power factor clause in its power contracts. 
This clause provides for a very handsome bonus for 
power factors higher than 75% and penalties for power 
factors below this point. At the present time we have 
about 50 large customers that are on this rate and they 
are all receiving a very handsome bonus, in some cases 
they have installed equipment to bring up their power 
factor and in other cases it has only meant a little more 
careful operation of their equipment. 

When we first started this rate we visited our vari- 
ous customers and in co-operation with their engineers 
made studies of their installations. The thing that im- 


pressed me the most in these visits was the little atten-- 


tion that our customers pay to the meters that they 
have installed and even in some cases where they use 
them to their accuracy. Very seldom do you find a 
customer that makes a periodic check on his meters. 
In some cases we found power factor meters showing 
leading power factor when they were really running 
at a lagging power factor; in another case we found a 
customer that had installed a synchronous condenser 
some years ago to reduce the line losses to their induc- 
tion motors and ever since this machine had been in- 
stalled they had been running the machine itself at unity 
power factor. This customer’s power factor was found 
to be around 60%, and after we showed them how to 
operate their condenser, their power factor was raised 
to better than 90%. 

We have also found cases where we have had need 
of using the customers’ meters and we have had some 
cases where customers kept such good care of their 
meters that they could be used for billing purposes dur- 
ing the time that ours were out of order. 

Our company is very much sold on power factor 
correction right at the customer’s premises and we have 
been able to considerably increase our average power 
factor on our system since the installation of our power 
factor clause. We feel that it is very profitable for us 
to work with our customers along these lines and make 
whatever tests that are required and even in some other 
cases we have worked with privately operated plants. 

In closing, I want to thank the Philadelphia Section 
for this opportunity of being present at this meeting, 
and also want to congratulate Mr. Pratt on his excel- 
lent paper.” 





*Power Sales Engineer, Duquesne Light Company, 
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G. W. Keenan*: “As a guest of the Association, 
I greatly appreciate the results of its efforts to stage a 
meeting of this type. Certainly Mr. Pratt is to be con- 
gratulated upon his manner of handling the subject for 
this meeting. 

“There is little that I can add on the actual meter 
story itself, but the discussion on power factor, which 
has developed, is extremely interesting, current and 
pertinent to the paper, as well as to the audience. 

“Few managements, or even engineers of industrial 
organizations, appreciate the varying effects of power 
factor which have been discussed and even fewer ap- 
preciate the following effects which have not been cov- 
ered in this discussion. On an inter-connected system 
of some size, power factor regulation becomes an im- 
portant factor in the efficient distribution of load be- 
tween generating stations. It is necessary at many 
times to install synchronous condensers out on the net- 
work simply to correct the power factor sufficiently to 
allow of efficient generator operation. In many in- 
stances, it is necessary to operate generating equipment 
at inefficient stations in order to correct power factor in 
the particular district in which the station is located. 

“T am wondering why with this audience Mr. Pratt 
did not touch upon the types and use of demand 
meters.” 

Geo. H. Schaeffer}: Mr. Pratt has delivered a 
very excellent paper on a very difficult subject—and 
put it in such a form as to be readily understood. I 
feel that the paper will be a valuable addition to the 
Iron and Steel Engineers. 

It was a pleasure to go through the meter labora- 
tory and view the gplendid equipment for calibrating 
and testing all the various meters and the facilities 
for doing it more accurately than when chief depend- 
ence was placed on the human element. It was fur- 
ther very interesting to note the saving in time by 
the use of the new method—meters that formerly took 
several hours now being tested even more accurately in 
that many minutes. 

The accuracy which Mr. Pratt maintains with his 
meters—deserves our commendation—and will go a 
long way in establishing confidence among us Reading 
folks. Nothing in the selling of electrical power, is 
more important than its proper measurement. Our 
company consumes normally 2% million K.W.H. per 
month—we maintain our own check meter—I want to 
add that we have the fullest co-operation of the Meter 
Department whenever there is an apparent discrepancy 
—our meters check—on last month’s record within 
9/100 of 1 per cent. 

The ordinary meter single phase 110 Volts is made 
up of 341 parts and is sold for approximately $7.60. 
This represents the stage of meter development, and I 
think it is truly remarkable when we take into con- 
sideration the accuracy of the instrument. 

Referring to power-factor ours varies from 85 to 
97 per cent with a load factor of approximately 55 
per cent. 

I would like to say just a few words about the 
Reading meeting. The attendance tonight shows that 
it has hearty approval—the same may be said of last 
years’ meeting. I believe we Reading folks are par- 
ticularly fortunate in having the meeting here. I want 
to express thanks to out-of-town friends for helping 
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to make it a success. 


Let’s keep the meeting in mind 
for next year, and make it an annual affair. 

H. B. Pratt: 
damping of graphic instruments, the amount of damping 
to be used depends upon the amount of variations of 


Relative to the question of the 


the load. If these load swings vary not over 20 per 
cent of the scale, the average damping oil supplied 
with the instrument is sufficient. If the maximum 
swings are greater than 20 per cent, and less than 40 
per cent, a mixture of one-half oil and one-half glycer- 
ine will usually prove sufficient. For variations of 
greater intensity than 40 per cent of the scale, the 
best damping that can be obtained is with pure glyce- 
rine in the damping chamber. 


“With reference to the question of demarid meters, 
it is rather difficult in a meeting of this kind to 
explain all the types in use, but I will try and give 
a brief description of the main types. Demand meters 
are used to determine a main load in kilowatts for a 
definite time period; one method of obtaining this de- 
mand is by using the ordinary graphic instrument 
and selecting from this chart the highest demand for 
the pre-determined time interval and use a planimeter 
to obtain the average area of the chart for the time 
selected, and from this average area calculate the mean 
heighth of the line to correspond to the integrated por- 
tion of the curve. A second type of demand meter 
consists of a watthour meter combined with a form 
of graphic meter in which the stylus or pen is geared 
direct to the watthour meter train; the stylus being 
moved up the scale of the chart according to the revo- 
lutions of the watthour meter. The chart on this meter 
is driven by an eight-day clock and by means of addi- 
tional gearing on the clock, arrangements are made so 
that the stylus can be disengaged from the watthour 
meter train and returned to zero. The period during 
which the stylus moves up the chart and then returns 
to zero can be pre-determined, and this time interval is 
usually 5, 15 or 30 minutes. This type of instrument 
will show at the end of the month the actual demand 
during each 15 minutes of the month, with approxi- 
mately the correct time at which the demand occurred. 
It has one disadvantage—that the maximum demand 
cannot be obtained by instantaneous observation, it being 
necessary to wait for the full time interval to deter- 
mine what this demand is. A third type of demand 
meter will give the maximum demand during the 
month for a pre-determined time interval, but this type 
does not give any record as to when the demand oc- 
curred. This type consists of a watthour meter and 
a separate pointer geared to the watthour meter train, 
this pointer moving over a scale and carrying with it 
a second pointer. At a pre-determined time interval, 
which time is usually obtained by means of a syn- 
chronous motor (which motor is part of the device and 
is enclosed with it) the first pointer is returned to 
zero and the second pointer remains at the highest 
point reached during the month. 


“With referenée to complaints, I would state that the 
number of complaints received are now relatively 
small. The modern alternating current watthour 
meter is an extremely accurate device and it will re- 
tain its accuracy over a long period of time. Out of 
a total of 26,000 meters on our lines, we average 
about one complaint a day and of these complaints 
in over 90 per cent of the cases, the meters are 
found correct. I would like to state here that the 
Public Service Commission of Pennsylvania allows 
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the utilities a 2 per cent error in and adjustment of 
their meters, but we go further than this and insist 
that all meters tested either in the laboratory or on 
the line, should be corrected within % of 1 per 
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cent, in other words, our accuracy requirements are 
four times as great as the Public Service Commis- 
sion rules require us to maintain.” 





Electric Repair Shop Practices of the Pittsburgh 
Railways Co. 


By L. J. KING* 


QUIPMENT must be in use in order to obtain the 
E largest possible returns on the capital invested in 
it. This principle applies not only to the electric 
railway industry or the iron and steel industry, but 
to all fields of commercial endeavor. 

The work of repairing and maintaining the 
equipment is of vital importance. This work is often 
the hidden factor determining the profit and loss of 
any company. ‘The importance of maintenance work 
is magnified in the electric railway industry. The 
shops of electric railway companies are carefully 
organized to efficiently handle the large volume of 
maintenance work. 

The practices and procedure of motor repair 
work in the Homewood Shops of the Pittsburgh 
Railways Company have resulted from a_ careful 
analysis of the electrical maintenance problems of a 
large scale. ‘The volume of work may be readily 
gained from the following figures for the year 1923: 


Number armatures rewound 2. 1,900 
Number armatures repaired 2.0... 5,000 
Number flield coils Wound oecccccecccccccccccccceeeeceeen 2,700 
Number field coils repaired cece 2,900 
Eki 0 aa. Eee a Se ee 2,727 
SR NN 9 i a ath .. 2,968 


The organization necessary to handle this com- 
paratively large amount of work is divided into two 
departments; namely, the winding department and 
the motor test and repair department. These two 
departments work in conjunction with the machine 
shop. The winding department employs 25 girls 
and 36 men, under the supervision of one foreman 
and one assistant foreman. ‘The motor test and re- 
pair department employs about 25 men, under the 
supervision of one foreman. 

The winding department does all the electrical 
work pertaining to the armatures, including the com- 
mutator undercutting work. This department also 
winds armature coils and main aud auxiliary field 
coils. The motor test and repair departments re- 
move the armature from the shell, repair shells, put 
in new field coils, put armature in shell after re- 
pairing and test all equipment before it is sent out 
on the road. The machine shop does all machine 
work necessary to take care of all the mechanical 
parts of motor. 

The procedure in handling the motor may be 
briefly described as follows: 

The motor is. removed from the truck and the 


armature is taken from the shell. This work is 
7 ts! 
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done on the motor and test floor. The shell is 
cleaned by a jet of compressed air and is then 
painted with a quick-drying black insulating var- 
nish. The shell is examined for mechanical defects. 
Worn housings are rebored and oversize bearings 
used. The field coils are then tested for shorts and 
grounds. In case a field coil is found to be de- 
fective, it is removed and new one or repaired one 
substituted for it. The poles are then tested for 
polarity. 

The armature, after being removed from the 
shell, is inspected for mechanical defects. In case 
any one of the following conditions exists, the prac- 
tices of Pittsburgh Railways are as follows: 

1. Bent shafts are straightened by a _ hy- 

draulic press. 

2. Bad keyways in shaft are welded and 
then cut, or if beyond repair, the shaft is 
scrapped. 

3. If thread is stripped for pinion nut, a 
new thread is chased and special nut applied. 

4. Loose bearings are scrapped. 

5. Allowable wear limit on shaft % inch. 

6. If the pinion fits are worn they are welded 
and then turned to size. This is still in the 
experimental stage. New shafts are of alloy 
steel and are finished on a production basis in 
the Pittsburgh Railways Shop. 


The armature is in good mechanical shape _be- 
fore being sent to the winding room. After the 
mechanical defects have been corrected the armature is 
tested for grounds by applying 1,200 to 2,000 volts 
from a portable transformer; opens are tested by the 
bell system and shorts by the induction method. The 
results of this inspection are noted on armature tag 
attached to the armature. The armature is now sent 
to the winding room to be repaired or rewound. All 
armatures delivered to the winding room from the test 
floor are identified by an attached tag which gives the 
type, serial number, car number, motor number and 
fault to be corrected. Record of these items is kept 
in a department ledger. Each type of motor has a 
separate ledger with a page for each motor number. 
In this way the complete history of the motor is avail- 
able from the time it was bought and put in service. 

The armature is now inspected for electrical trouble 
in the winding room merely as a check on the test 
floor. If the armature is in condition to be repaired it 
is repaired, but if not, it is rewound. The basis for 
the decision as to whether the armature is to be re- 
paired or rewound is governed partially, first, by the 
length of service of the armature ag obtained from 
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the department ledger and second by the rush of work 
at this particular time. 


The first step in rewinding the armature is the strip- 
ping. The armature is then sent to the armature 
winder, who examines the conditions of the laminations 
and the width of slots. The commutator is tested for 
short circuits. The commutator is repaired if found 
to be defective, but in case this involves considerable 
repair work the commutator is replaced by a new com- 
mutator. The commutator is bought completely as- 
sembled without a bushing. Insulation of the arma- 
ture is followed by the zpplication of new coils in the 
slots. Connections are made to the commutator and 
soldered. The commutator is filed, retested and the 
armature bands are applied. The armature is then sent 
to the baking room where a temperature of 110°C is 
maintained and after dipping in varnish is baked from 
36 to 40 hours and then allowed to cool. The com- 
mutator is then turned; the mica is undercut; the ar- 
mature is given a complete test and then a coat of air 
drying varnish is applied. In order to prevent the 
breaking of armature leads and to prevent damage to the 
commutator by oil and greases, the leads are cemented 
with a mixture of plaster of paris, dexterine and liquid 
shellac. The armature is then returned to the motor 
floor and fitted with bearings. The armature is then 
put in the shell and then tested by running overload 
test. 

Winding of all coils is done on a production basis. 
All coils are form wound except field coils which are 
spindle wound. The coils are wound with double cov- 
ered cotton wire, care being used to allow proper 
clearance of layers. The leads are covered with rubber 
and triple braid and then tied in place. The coils are 
then wrapped with one layer of cheese-cloth before be- 
ing impregnated. The impregnating compound is lique- 
fied by passing steam at 100 pounds pressure around 
it for a period of 36 hours. The coils in the meantime 
are placed in a vacuum chamber and baked for a 
period of 12 hours. The vacuum pump is then operated 
to remove the air and dampness for a period of 1% 
hours. The valve in the mixing chamber is then 
opened to permit the impregnating compound to pass 
around the coils till all the coils are covered. Air 
pressure of 60 Ibs. per square inch is then applied for 
two hours to force the compound down through the 
coils. The air pressure is then reduced and impreg- 
nating compound forced back to the mixing chamber. 
The coils are allowed to drip and are then removed. 


The babbitting department of the Pittsburgh Rail- 
ways Company is undergoing many changes at the 
present time. ‘The present equipment is being replaced 
by new electric melting pots, equipped with all up-to- 
date devices. But the practices in general regarding 
babbitting may be mentioned briefly. Bearing shells 
are of bronze with a % in. lining of babbitt. The 
shells are cleaned, the machined surfaces that are not 
to be coated are covered with a mixture of red clay 
and water. Zinc Chloride is applied to the bearing 
and it is then dipped into the tinning solution. The 
shell is then removed from the tinning solution, zinc 
chloride is again applied and the operation is repeated. 
The bronze shell is then removed and immediately bab- 
bitted. All babbitt used has a tin base. The babbitt is 
heated in pots by natural gas. The temperature of 
the babbitt is judged by the use of a pine stick, but 
lately pyrometers have been installed to give the proper 
temperature of the babbitt. All bearings are poured 
in a vertical position. The jig is removed and the bear- 
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ing is then turned to fit the armature shaft. The al- 
lowable radial wear on the armature bearings is 1/16 
inch. : 

A separate department, known as the Electric Re- 
pair Department, handles all electrical work other than 
motor work. Controllers, grids, cut-off switches, cir- 
cuit breakers and buzzer work are examples of work 
carried on by this department. Due to the large vol- 
ume of this work, each man has become specialist in 
his particular line, thus enabling him to become pro- 
ficient in the repair of that particular part. 


The maintenance work of the Pittsburgh Railways 
Company has been so organized that practically every 
emergency can be taken care of. The modern methods 
used have been the result of past experiences, experi- 
ment, co-operation with the manufacturers and of 
sound engineering judgment. 





DISCUSSION 


F. W. Cramer*: We have all heard a lot about 
armature repairs in previous meetings of the associa- 
tion, but nevertheless Mr. King has added something 
to this store of information. There is one phase of 
the subject that would interest us that has never been 
up for discussion, that is, “When should an armature 
be scrapped instead of repaired?” If an armature 
needs coils, a commutator and a new shaft, especially 
the types that have the laminations stacked on the 
shaft, is a repair job with only the old laminations for 
a base of repairs a profitable undertaking? Another 
interesting topic is. “when should the core be thrown 
away and new laminations be used?” After several 
grounded and short circuited coils, or perhaps a severe 
rubbing, due to low bearings, this iron short circuits 
and causes additional heating in the core, due to in- 
creased iron losses. If any of those present have in- 
vestigated this phase of repair. work, we would be 
glad to hear from them. 

R. M. Rumbul}: The demand for increased effi- 
cieny and lower operating costs to maintain a fair 
margin of profit in Industry today has brought about 
a realization of the fact that electrical equipment plays 
a larger part than ever in decreasing costs and that 
the proper maintenance of such equipment is a very 
vital factor. 

To obtain the best results, the several factors which 
contribute materially to the effectiveness of maintenance 
of electric apparatus are: 

(1) Careful and thorough inspection of dam- 
aged apparatus by able and experienced workmen. 

(2) Definite repair specifications based on 
conditions as determined by inspection. 

(3) Use of high grade renewal parts, espe- 
cially designed and manufactured according to or 
equivalent to the regular factory production specifi- 
cations for apparatus under repair. 

(4) <A shop job as a whole including work- 
manship, materials and test that will give a guar- 
antee of performance equal to the original ma- 
chine. 

The average repair shop of the steel plants meets 
the above working specifications in regard to many 
points, but undoubtedly there are many limitations in 
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regard to providing ideal conditions, methods, etc., 
which it would be almost impossible for them to elimi- 
nate along practical lines. 

It should be helpful to explain the organization and 
practice which the Westinghouse Electric and Manufac- 
turing Company have found advisable to adopt in the 
Service Department in the repair of electrical appara- 
tus. 

The Westinghouse Electric & Manufacturing Com- 
pany early recognized the importance of properly main- 
taining its apparatus and was among the ‘first manu- 
facturers to establish complete service branches in vari- 
ous industrial centers to service their apparatus. There 
are at the present time throughout the United States 
twenty-seven (27) of these service branches. 

While our organization may differ somewhat from 
that in the steel mill repair shop, we believe that in 
either event it is necessary for a piece of apparatus to 
be repaired to have the proper inspection, both before 
and after the job is completed. We, therefore, insist 
that when a piece of apparatus is brought to us for 
repairs that it is properly inspected by .a man trained 
for this particular purpose. If it is necessary to tear 
down a piece of apparatus for complete inspection, this 
is done for the Inspector, who after going over it thor- 
oughly states specifically what repairs are to be made 
and a copy of the inspection report is sent to the shop 
foreman with the apparatus in question. 

The Inspector is then relieved of any further re- 
sponsibility with the apparatus, unless during the course 
of repairs the shop foreman does not agree with his 
recommendation, in which case the Inspector is called 
in conference and a decision is reached. After the ap- 
paratus has been repaired, it is returned to the In- 
spector for final inspection and test. 

We are continually impressing upon our Inspectors 
and foremen the necessity of first placing a machine 
in good mechanical conditions before placing the wind- 
ing in same. We insist that particular attention be 
paid to the condition of the cores on both AC and DC 
machines. Burnt spots must be fixed up either by 
separating the iron and pouring compound in between 
the laminations or complete restacking with new iron 
or distributing the burnt iron, after properly smooth- 
ing same, over the whole area of the core, where it is 
absolutely necessary to do so, in case new iron is not 
available. The question of properly repairing commu- 
tator and testing it cannot be too strongly impressed 
upon your force. Shafts are checked for proper bear- 
ing fit and also for trueness, and if found to be badly 
out, they are replaced by new ones. We find in some 
cases keyways and pinion fits are badly worn, the shaft 
can be built up by electric weld after first taking a 
slight cut off same and the keyway placed in a new 
position diagonally opposite the old one. If bearings 
are found worn, they are rebabbitted on sizes where 
we find it profitable to do so. On smaller ones, we 
find it more profitable to replace them with new ones. 
In rebabbitting bearings we use the same methods, pro- 
cesses and materials as are used in babbitting the origi- 
nal bearings. We are using a pyrometer and find the 
results obtained more than warrant the expenditure. 


All armature cores are properly painted and wher- 
ever called for are either sprayed or dipped and then 
baked in an electrically heated, automatically controlled 
oven before and after the winding is placed in same. 
We find that the results obtained from baking arma- 
ture winding, if the field core and mechanical part of 
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the machine have received the proper attention, in most 
cases approaches that of new apparatus. 

It is becoming more and more apparent that the 
best results can be obtained from a piece of apparatus 
maintained as nearly as possible by the use of me- 
chanical parts such as bearings, brushes, brush holders, 
etc., of the same high standard as originally furnished 
with the machine by the manufacturer and also when 
it becomes necessary to replace any of the windings to 
use the materials, processes, and workmanship of 
equally as high a grade as in the original manufacture. 
The methods, processes and materials and workman- 
ship employed in our Service Shops are the same as at 
the various works where the new apparatus is manu- 
factured. In order that these methods and materials 
should conform with the latest practices, there has been 
organized a Renewal Parts Engineering Department. 
It is the function of this department to apply improve- 
ments wherever possible to renewal parts manufactured, 
especially for parts of apparatus of obsolete design and 
to revise methods and processes for the installation of 
these renewal parts, so that the life of same may be 
increased as much as possible. 

In regard to the organization, we believe that there 
is a distinct advantage gained by relieving the Foreman 
of the inspection work, as he is then able to devote his 
entire time to the workmen and workmanship placed on 
the apparatus while the job is being done and thus bet- 
ter work is obtained. 

Our organization is made up of men well trained 
in the work, and as service work is our regular busi- 
ness, it is essential that we keep an able force of men. 
We are enabled to do this because of the varied in- 
dustry we are called upon to serve. 

After the equipment is repaired, it is given the 
usual ground tests. AC motors are checked for re- 
versed and balanced phases and short circuits. DC 
armatures are given “bug and drop tests.” Whenever 
completed machine is sent to us it is given a running 
test before being shipped out. In general, our guaran- 
tee on completely repaired equipment is exactly the 
same as on new apparatus. 

I would like to leave with you the thought that the 
importance of obtaining proper results from mainte- 
nance work justifies methods, materials and workman- 
ship that will give assurance of a performance equal to 
new apparatus. With this as a promise, it will assist 
in determining to what extent a plant is justified in 
taking action to remove the limitations which they are 
encountering in their endeavor to obtain these desired 
results. : 

F. W. Cramer: I believe most steel mill men 
will agree that the shop is the best place to do repair 
work. Due to the fact that well equipped shops for 
repair work in electrical departments have, in past 
years, been few and far between, much of this work 
was done in the field due to lack of shop facilities. 
Our present practice is to do all work in the shop. 
Each armature leaves the shop in a steel case equipped 
with bearings, nuts, and a key. Bearings are not 
changed in the field nor are coils cut out or grounds 
removed. ‘These, at the best, are only temporary re- 
pairs, and it was found to be cheaper and more satis- 
factory to change the armature and bearings and send 
the worn bearings and armature back to the shop. The 
steel case is a good investment, for in many cases an 
armature must be rolled or dragged to get it to the 
motor, and this case insures it against damage until 
it reaches the job. 
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A. C. Cummins*: We are to be congratulated on 
the two papers which have been presented this evening. 
They bring a number of questions to mind which will 
perhaps be of general interest. Do many active mem- 
bers receive request from the management of the Plants 
with which they are connected for information regard- 
ing the money invested in electrical repair parts? I be- 
lieve it is well recognized that many Plants have as 
much as $100 per motor installed invested in motor re- 
pair parts. The question of carrying this amount of 
money in the inventory account is becoming a matter 
of considerable concern to our Plant managements. It 
is, therefore, important that electrical engineers inter- 
ested in the electrical maintenance problem, give their 
attention to the matter of giving continuity of service 
with the minimum money invested in repair parts. 


Mr. Rumbul has strongly recommended the pur- 
chase of repair parts from the original manufacturer 
of the electrical equipment. ‘There is no question that 
factory material is usually a little more refined, more 
accurately finished, and should enable the repair shop 
to make a first class job of any repair work. On the 
other hand, factory parts usually are higher in price, 
and have the handicap of much longer delivery. If 
the manufacturers of electrical equipment wish to as- 
sist the electrical maintenance engineer in keeping in- 
ventory accounts at a minimum they must improve the 
promptness with which they deliver the material. By 
improving the delivery they will enable maintenance en- 
gineers to reduce the amount of material stocked, and 
the turn over will automatically be increased, and the 
questions of our superiors as to why so much money is 
invested in the repair parts with a turn over of from 
20 to 25% annually is necessary, will be answered. 


Mr. King stated in his paper that the Pittsburgh 
Railways Company impregnated both field coils and 
armatures. I would like to ask if it is their prac- 
tice to impregnate complete armature after the wind- 
ing has been installed, or if the armature coils are im- 
pregnated only before installation in the armature. 
Very few steel plants have impregnating equipment. 
However, many steel mill shops are equipped for dip- 
ping and baking. I would like to ask Mr. King if, in 
his opinion, the improvement in repair practice obtained 
by impregnating warrants the additional expense in 
both equipment and labor as compared to the equip- 
ment necessary for dipping and baking. I was at the 
plant of one of the large manufacturing companies just 
a few days ago and had an opportunity to see how 
thoroughly modern impregnating methods do protect 
the insulation of shunt wound field coils from damage 
by overheating. In the particular shop in question, 
some men were sawing test sections from shunt field 
coils with a band saw, the wires were pushed out of 
the center of the section to determine whether. the im- 
pregnating material had worked its way entirely through 
the coil. So thoroughly was the impregnating done 
that no difference could be noted between a piece of 
wire taken from the outer part and one taken from 
the center. Another very interesting feature of this 
coil sample was the fact that so long-as the impreg- 
nated cotton covering of the wire remained tightly 
wrapped on the conductor, it could not be damaged 
by the flame of a burning match, but as soon as the 
cotton insulation was unwrapped from the wire, it 
burned in the air almost as rapidly as ordinary un- 
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treated cotton. The heat resisting qualities of this wire 
when impregnated were remarkable and in so far as 
could be seen in a rough test of this character, was 
fully equivalent to asbestos. If it were possible for 
us to be equally successful in impregnating coils in 
repair shops, I believe great gains to service records of 
electrical equipment could be made. 

Mr. King also mentioned that the Pittsburgh Rail- 
ways Company purchased assembled commutator bars 
not mounted on bushings. This brings up the old 
question as to whether steel mill shops should purchase 
commutator bars assembled on bushings, completely 
insulated ready to install, or should they simply buy 
the bars and strips, as seems to be the practice of the 
Pittsburgh Railways Company. It would be interesting 
to hear an expression of opinion from the active mem- 
bers present on this point. 

Mr. King also mentioned that they were using a 
mixture of plaster paris and dextrine as an oil resist- 
ing paste to prevent the disintegration of the varnish 
by oil on the outer commutator V ring insulation. I 
can vouch for the efficiency of this material, as we 
have been using it in our Shop for nearly three years, 
and there is no question but that it has greatly reduced 
the number of armatures coming to the Shop with 
grounded front V rings. It has been tried by one 
of the other Corporation Plants in this district and I 
believe their experiments with the material have proved 
that it is a very desirable method of treating com- 
mutators. I believe the Pittsburgh Railways Company 
will furnish any one the instructions for mixing up 
this material if they request it. 

One other point, which would be interesting in this 
discussion, is whether we are justified in case of motor 
failures to change whole motors rather than armatures 
or field coils as the case may be, when motors fail in 
steel mill service? The points in favor of bringing 
the entire motor to the Shop are as follows: 

(1) The repair shop personnel is usually a higher 
paid and more intelligent class of men than those occu- 
pying mill maintenance positions. They therefore have 
more interest in making a thorough job of repairs than 
the mill men. 

(2) Repairs made in the field, with a piece of ap- 
paratus shut down are always made under rush con- 
ditions, and the care necessary to make a thoroughly 
workmanlike job in every particular cannot be exercised 
when the men are being rushed to get the equipment 
going as soon as possible. 


(3) Armatures and field coils stored around the 
mill to be installed in motors in the case of failure usu- 
ally are damaged in handling before they are actually 
installed for service, and for this reason do not per- 
form as well as anticipated. On the other hand, if the 
complete motor is repaired and assembled in the shop, 
and sent out on the job as a unit, there is little likeli- 
hood of damage due to careless handling. 


One other question I would like to ask Mr. King: 
If I understand correctly, the Pittsburgh Railways 
Company do not make it a practice to electric weld 
stripped pinion threads on armature shafts, preferring 
rather to chase a new thread and then make a special 
nut to fit the thread. In steel mills, we have always 
thought it best practice to weld up the threads and 
keep our pinion nuts standard. It would be interesting 
to know why the Pittsburgh Railways Company con- 
siders it wise to abandon the idea of standardization in 
this feature of their shop practice. 
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James Farrington*: I would like to ask if the 
Pittsburgh Railways or any members of the Associa- 
tion have tried the aluminum field coil? I saw some 
very good literature on an actual condition, but none 
from steel mill. They claimed the hotter the coil the 
better the insulation gets. 

I would like to ask if the Pittsburgh Railways or 
associate members have actual figures on spare parts 
to be carried to motors in service? I realize that would 
vary with the condition of that service, whether light, 
medium or heavy, but sometimes we feel we have 
plenty of spares for certain types and get caught short. 

Regarding the methods of handling our armatures: 
We bring all of them into the shop in steel cases, but 
we do bunch them together when repairing them, how- 
ever, we endeavor to return the same armature back 
to that department. We have all of our commutators 
baked. We feel manufacturers are in a better position 
to bake and repair them than we are. 

The question vital to us, is: With 25, 40 and 50 
degree machines, how can you arrive at a standard and 
keep inventory down with those manufacturing 
changes ? 

F. W. Cramer: In order to get a comparison 
with steel mill practice, I would like to ask Mr. King 
how many motors they had in service when 1,900 ar- 
matures were changed during a year? 

M. R. Armstrongy: Mr. Cummins has brought 
out that developments in electrical repair shop prac- 
tice during the past three or four years has 
not been’ given’ special attention before this 
institute. During this period, methods have been 
developed and data collected which may not have 
come to the attention of its members. The company 
with which I am connected has done some very ex- 
tensive development work in perfecting dipping and 
baking processes, and in studying the best method of 
motor bearing maintenance. In connection with this 
work, considerable data has come to hand, which should 
be valuable to the membership in determining whether 
certain processes, methods and equipment should be 
adopted. While this data has been collected from 
electric railway repair shops sources, it is hoped suffi- 
cient details will be presented so as to make it possible 
to compare with and apply it to steel mill practice. 

A large electric railway company on the Pacific 
Coast installed an electrically heated bake oven. At 
the same time a systematic schedule of dipping and 
baking armatures and field coils was inaugurated. Of 
the 1,800 motors in use, 70% had been in service ap- 
proximately 25 years. Before dipping and baking was 
inaugurated, failures were running at the rate of about 
70 per month. Two years later, after the majority of 
the motors had been dipped and baked, failures were 
reduced to about 24 per month. This was a reduction 
of approximately 64% in failures. The Superintend- 
ent of this shop estimated that the total cost of dipping 
and baking including all labor in removing and replac- 
ing the armatures was between six and seven dollars 
per motor. He felt this expense was almply justified, 
as the life of the armatures was extended at least five 
years, and the interruptions to service, due to arma- 
ture failures were very greatly lessened. 

A large New England Company operating in sev- 
eral towns adopted systematic dipping and baking. In 
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one shop, servicing 475 railway motors, the monthly 


failures were reduced from 150 to 28. In another shop 
servicing 400 motors, the failures were reduced from 
100 to 24. 

Another company from records kept over a 
period of 13 years has made available the fol- 
lowing data: Early in this 13-year period, systematic 
dipping and baking of their railway motors was inaug- 
urated. Before dipping and baking was started their 
average service of a motor per failure was two years; 
after dipping and baking they obtained 7 years’ service 
per failure. Looking at this from a financial point of 
view, using their actual figures on cost and failures on 
the 300 motors involved, the figures show that their 
saving each year after paying all expense of dipping 
and baking was $2,350. 

All of the above examples are from railway service, 
but it is reasonable to assume that any method which 
will give such results under the conditions of railway 
service will be correspondingly beneficial in industrial 
work. It would be of considerable value if some actual 
figures on dipping and baking steel mill motors were 
made available and it is hoped that at some meeting 
in the near future that this data will be presented. 

The size and type of oven for this work depends 
on the number and size of motor to be serviced. All 
these ovens shown are electrically heated, and have au- 
tomatic control. In addition to all Westinghouse Serv- 
ice Stations being equipped with such ovens, there are 
more than 40 such ovens in successful use throughout 
the country. Electric heat on account of its ease of 
control, which means very slight cost of labor for at- 
tendance, is a very economical heating medium. It is 
also easy to install, safe in operation and insures good 
baking results. 

It has been impossible to obtain any accurate data 
on the results obtained by the use of bearings poured 
under the best possible conditions in comparison with 
ordinary practice. In talking with the master me- 
chanics of two electric railway shops recently, both 
admitted that they obtained better life from factory 
bearings than from their own. They were using West- 
inghouse renewal bearings poured from automatically- 
controlled electric babbitt pots. From our experience, 
we believe that bearings poured correctly, have from 
three to four times: the life of bearings poured under 
common existing conditions. Laboratory tests have 
been made which show defintely that bearings poured 
with the metal either too hot or too cold are very in- 
ferior in strength and wearing quality. 

The easiest way of obtaining the best possible pour- 
ing conditions for babbitt is by means of automatically 
controlled electrically heated babbitt pots. These can 
be furnished in 150, 750 and 1,500 Ib. capacities. The 
temperature is controlled automatically within very 
close limits. The cleanliness and lack of fumes from 
these pots has a good effect upon the operator in re- 
gard to care of this work. Approximately 100 of these 
pots are in use in various Westinghouse Works and 
Service Stations. ; 

Orville Buys*: I am a meter man. I have written 
a little paper describing the principles of the meter it- 
self, but in light of the discussion so far, I am going to 
forget that paper entirely. What problems in mainte- 
nance we have to solve are nearly always done in the 
field. The meter is just a little thing; it 
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does not amount to a whole lot in _ production, 
but it has all of the elements of two kinds 
of motors; synchonous motors with demand at- 
tachment, and induction motor for each phase of a 
polyphase meter. Three motors on three phase, four 
wire. A meter is vulnerable to lightning. We have to 
rewind the current coils of meters quite frequently. 
The potential coils are made with such very fine wire 
we never attempt to repair or rewind them. We have 
220,000 odd meters on customers’ premises, which the 
law requires us to test at periods varying from three 
months to three years. The meter tester who does the 
work in the field, carries with him such parts as pivots, 
jewels, upper and lower bearings, disks and shafts. 


When other parts are not correct the work is done in 


the meter repair shop. We take a meter out, replace 
it with another and bring back the defective one to the 
shop. Ordinarily we have a large enough stock to 
serve 40-odd types and five makes of meters. When 
we need a special meter, we make it of standard parts, 
or sometimes special parts. It is better to make up a 
meter from stock parts than to wait for the manufac- 
turers’ delivery, which is usually from three to eight 
months. 

I would be glad to answer questions, but I think 
you would be better off without the paper I prepared. 

A. G. Ahrens*: I am wondering whether -we are 
looking at this inventory problem from __ the 
right view-point. Without actual data as_ to 
the original cost of your installed _ electrical 
equipment and of the renewal parts in your 
storerooms, it seems impossible to go far into a dis- 
cussion. But in Mr. Cummins’ case, there is a very 
large amount of electrical equipment installed in his 
plant. I believe the original cost must have been over 
$3,000,000. For his plant, an investment of $300,000 
in carefully selected renewal parts would seem war- 
ranted. 

I want to raise the question: What proportion of 
the original value, or cost, of the installed electrical 
equipment is a fair investment on account of renewal 
parts? ‘Ten per cent seems a reasonable value to me. 
A steel plant is primarily a production proposition, that 
is, even a slight delay of the motor driven machinery 
will seriously affect the output of a department or 
even of the plant. Therefore, it seems logical to look 
upon renewal parts as “insurance” against delays in 
your production. And the cost of your storeroom stock 
of renewal parts should be compared With the total 
investment involved, which must be kept running. If 
this view-point is established, a liberal policy regarding 
renewal parts is justified. 


Electrical manufacturers are naturally interested in 
any discussion concerning renewal parts which are used 
in the equipments originally manufactured by them. 
And in this connection, I would like to call attention 
that your study of the relative merits of renewal parts 
practices should take into consideration how frequently 
the “outages” occur. The expense of installing the 
part is very often greater than the cost of the renewal 
part. And when production is delayed, the cost of the 
renewal part often becomes negligible compared to the 
lost production. Therefore, it seems a fair conclusion 
to state—when an accident makes a replacement neces- 
sary, the renewal part should be of the best materials 
and best workmanship. 
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Renewal parts service to customers is an important 
subject with Westinghouse, and it may be of interest 
to know that some renewal parts are carried in 29 
district warehouses. 

John D. Scully*: Mr. Cummins spoke about using 
the plaster paris mixture on armatures. We believe 
that cut down our commutator grounds about 25%. 
We bake our armatures, and have been. doing that for 
about six years. We started about the time we started 
using dexterine. 

I. was wondering what solution some of the other 
members could offer along the line of standard coils 
for turbines. If you have a large turbine and want to 
be prepared for a breakdown, it will take some time 
to get coils from the factory, so the thing to do is to 
keep them in the storeroom. If you haven’t used the 
coils for some time, I understand from manufacturers 
the life has gone out of the insulation. How can we 
keep those coils so they will not deteriorate? 


We have repairs to make on cranes, ore bridges, 
etc. We found case-hardened steel saved us a lot of 
money. We tried manganese, also ordinary rolled steel, 
and we found the case-hardened wheel far superior 
to anything we tried. At one of the other steel plants 
in the Pittsburgh district, they tried them, but did not 
have such good success. 

I agree with Mr. Cummins that the repair shop is 
the place to do repair work, but we have so many dif- 
ferent types of motors, 1 do not know how we could 
arrange to get them in. In some departments we do 
take them down and have competent men on night turn 
able to put these motors in good shape and found they 
can do the job better and quicker than if brought to 
the repair shop. That would be a case of training the 
men to understand mill conditions. 


A. C. Cummins: Mr. Scully has just mentioned 
a point which has brought one to my mind. It is not 
related to the discussion of the evening, but I think it 
may prove of interest. Two cranes on old runways 
were wearing track wheels at a very excessive rate. 
Wheels frequently had to be replaced after less than 
one month of service. Rolled wheels were used, hoping 
that they would help solve the problem and later heat 
treated wheels were tried, and while the higher grade 
of material used in the two latter types of wheels in- 
creased the life considerably, the replacements required 
were still prohibitively costly. It was finally suggested 
that if these two cranes could be kept in line, the ex- 
cessive wear would disappear. Both cranes were old 
and were scheduled to be torn down in a year, and it 
was, therefore, thought that it would be safe to weld 
the trucks solidly to the girders, and thus insure proper 
alignment. This was done and after the work was 
completed no track-wheels were changed on these cranes 
until they were torn down, some eighteen months later. 


In this case the life of the wheels was multiplied 
by nine times by making the crane so stiff that it was 
impossible for it to go out of alignment. A number 
of other cranes have been welded, and in every case 
it has been found that greatly increased track-wheels 
life resulted. 

W. T. Chappell}: The recent purchase by the 
Philadelphia Company, of the property formerly owned 
by the American Locomotive Works in Manchester, 
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should give the public, depending upon our utilities, an 
idea of what we are endeavoring to do in the way of 
effecting continuity of service. 

The property entails over ten acres and houses 
the Sub-Station Department shops, the Meter and 
Tests Department, the combined stores of the Pitts- 
burgh Railways Company and Duquesne Light Com- 
pany and Pittsburgh Railways shops. 

Geographically, the property is located in the center 
of our power ring which, for obvious reasons, brings 
about considerable economy in the transportation of 
materials. 

On the western boundary of the property, we have 
two railroads and in addition, river shipping facilities, 
which will no doubt be developed later. 

The Sub-Station Department shops, upon which this 
paper centers, contain about 33,000 square feet of floor 
space, and are divided into three divisions, namely: 
Construction Division, Motor and Appliance and Trans- 
former Division. 

The Construction Division employs about 100 men, 
10% being located in the shop and 90% in the field. 

This division is continually employed in installing, 
remodeling and maintaining sub-station equipment in 
sub-stations, power stations and on customers’ premises. 

The shop section of this division fabricates prac- 
tically all the steel used in this work, upon order of 
the Engineering Department. 

A point of interest in the Construction Shop is a 
No. 13 Pels combination shear, punch and angle cutter 
of German manufacture. 

The work this shear will do is as follows: Punches 
4 in. to % in. holes in steel up to ¥% in., cuts 3 in. to 
6 in. channel, cut 1 in. to 4 in. by 4 in. angle iron %4 
in. to % in. thick, cuts rounds and squares from %4 
in. to 2 in., shears plates up to % in. to 2 in., shears 
plates up to Y, in. 

The Transformer Division employs about 25 men 
whose activities are in both field and shop. 

Upon receipt of a new transformer, it is tested for 
core loss and ratio, given a serial number and placed 
in stock ready for issue. 

When a transformer is removed from service, it is 
overhauled in the shop, thoroughly tested and placed 
in the storeroom for re-issue. 

In this case the overhauling may vary from a gen- 
eral cleaning and painting to complete rebuilding from 
the core outward. In either event, however, the trans- 
former is placed in stock in the same condition as when 
originally purchased. 

Transformer oil is a large factor in transformer 
maintenance and new problems are confronted daily, 
in the ways and means of reclaiming oil. At this time 
we are using filters and centrifugal apparatus in the 
separation of water and other foreign material from 
old oil. 

We expect to increase our oil handling capacity in 
the near future, at which time we will have another 
building for this purpose and additional equipment. 

The Motor and Appliance Division, employing about 
50 men, is divided into three sections, the Motor, Wind- 
ing and Repair, and Lamp Sections. 

The Motor Section repairs a big proportion of all 
the motors and auxiliary equipment used by the com- 
pany in the Power Stations and Sub-Stations, and also 
motors rented to customers on lease agreement. 

The equipment repaired varies in size from the 
smallest motor .to 7,500 K. V. A. Syn. condensers, 
used in Sub-Stations for power factor correction. 
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As was stated, in connection with transformer re- 
pairs, motors go through the same testing routine and 
= considered as good as new when they leave the 
shop. 

The Motor Section also repairs induction feeder 
regulators and auxiliary equipment used therewith. 

The Winding and Repair Section activities are 
probably the most varied of any work on the property. 

Household appliances, from toys. to electric ranges, 
are repaired in large numbers. Inasmuch as most ap- 
pliance repairs are ordered by the female member of 
the household, it goes without saying that numerous 
difficulties are encountered, in which we are always 
wrong. 

We also conduct special tests on appliances upon 
order of the manager of the Equitable Sales Company. 
As an example, a new make of washing machine is 
sent to the Winding and Repair Section for test. 
Clothes and water are placed in the machine in ac- 
cordance with specifications supplied by the manufac- 
turer. The machine is then operated day and night 
continually until it has run equivalent of two years 
operation in ordinary use. The washing machine is 
then completely dismantled and all parts thoroughly ex- 
amined for wear, grease and oil leaks, etc. 

All new makes of appliances are put through this 
same routine so that when adopted by the Equitable 
Sales Company, the customer is assured that we have 
investigated the appliances we sell, and are ready to 
stand back of them. 

This Section also repairs choke coils, oil breakers, 
disconnects, pole top switches, arresters, electric drills, 


electric hammers and other tools, and within the near. 


future, we expect to have large tanks set up for the 
wholesale cleaning of insulators. 

In the machine shop, all motor bearings are made, 

spud rods are turned out and various mechanical and 
electrical devices are developed for experimental pur- 
poses. 
One of the latest devices made up was a measuring 
tape testing machine. All measuring tapes used by the 
company will be tested to make sure that the linen is 
not a conductor of electricity. 

Coil winding is one of the largest activities in this 
section. We handle wire from No. 40 up to ten 
strands of the largest strap wire. The general work 
consists of winding series and shunt coils for meters 
of all descriptions, arc lamps, household appliances, 
relays, motors and transformers. 

To carry on this work, a large stock of wire is 
carried much of which is in special flat sizes. A card 
record system of winding specifications is maintained as 
well as a stock of molds upon which the coils are 
wound. Our equipment consists of five winding heads 
and a coil puller for motor and armature work. Along 
with the coil work we have two electric ovens which 
are not in operation at this time, but will be very soon. 

The small oven is 12’ by 14’ by 9’ high and has an 
input of 50 KW at 220 V. The heat is automatically 
controlled and a temperature of 125°C. is maintained. 
As the greater part of our coil work is large compact 
transformers and armatures a high temperature is 
necessary, first to thoroughly dry out existing moisture 
on the cotton covering, and to expand the coil so that 


' the moisture is easily driven off. Then when dipped 


in the baking varnish, a partial vacuum is created 
which helps to draw in the varnish and thoroughly 
saturate the innermost layers. 
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The large oven measures 14’ by 16’ by 16’ and has 
an input of 100 KW at 220 V. This oven is also 
designed to maintain a temperature of 125° C and is 
automatically controlled. Its function is identical with 
the small oven, excepting that more head room is pro- 
vided for the treatment of larger apparatus. 


The Lamp Section, the last of the group mentioned, 
functions as the name implies. 

All arc lamps and street series fixtures used by 
the Company go through this Section for repairs and 
tests, all new equipment is tested before issue. 

In detail, when an arc lamp is removed from serv- 
ice, it is completely overhauled in the shop. New shunt 
and series coils are installed if necessary, as is also the 
case with any defective mechanical parts, bushings, etc. 
The lamp is then tested under the same conditions as 
when in service, and when placed in stock represents 
a piece of apparatus as good as new. Four thousand 
arc lamps were repaired and tested last year. 


All incandescent lamps are tested in this section for 
current input and manufacturing defects, and an idea 
of the magnitude of this work will be realized when 
you are informed that last year, 46,750 multiple lamps 
and 47,300 street series lamps passed through this sec- 
tion. 

Forty-six thousand, seven hundred and fifty elec- 
trodes were passed upon in 1923, and a small per cent 
of each crate were inspected for defects. The perform- 
ance of these electrodes is also followed up. 


Five hundred and seventy new tungsten fixtures and 
900 old tungsten fixtures were handled last year. 

This section also assists with tests conducted in the 
field and makes up considerable special apparatus as 
applied to street light-practice. 

In summarizing this paper, the following points are 
brought to your attention: 

Ten acres, filled with stores, machinery and highly 
trained men function daily and at night time, also in 
emergency, doing its part to promote Pittsburgh’s 
progress. 

We cannot carry a duplicate of every piece of ap- 
paratus used on the system, but we are maintaining a 
shop that to date has been able to cope with every 
emergency met, one idea being foremost in our minds 
—“Continuity of Service.” 

T. J. Masterson*: One point not clear to the 
men, is impregnation. Our experience as manufac- 
turers of coils and _ reinsulators of field coils 
of large size, has been that impregnation is 
better than dipping. To place a bath of coils 
into a tank and impregnate without heating would 
be murder, so we have to heat, impregnate and bake 
coils thoroughly before delivery. Coils are placed in 
a tank and vacuum drawn under sixty pounds pressure 
thereby removing the moisture, after which they are 
impregnated and baked twelve to thirty-six hours, ac- 
cording to coil. You are bound to have a film of 
varnish, but if not given proper time, it is best not 
to impregnate. We also impregnate complete A. C. 
motors and armatures after all windings are installed 
and completed, but if not thoroughly and properly 
baked you have a wet varnish throughout the job. If 
enough time is permitted to bake, the result is a good 
insulation throughout. This impregnation you fellows 
should look into, is a worthwhile proposition and cuts 
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repairs considerably. We would prefer doing it with 
all our rewinding jobs, especially on DC on account of 
the commutator, but are not always given time to do 
so. We find on impregnation of asbestos wire we do 
not get as good results as on DCC, but have cases 
where commutator wears completely out without any 
winding trouble on asbestos coils. One of our friends 
using asbestos coils suggested welding leads to com- 
mutator to save him soldering same when overloaded 
and solder was thrown out. At one time we made a 
considerable amount of coils for the Pittsburgh Rail- 
ways Company at a time when their men were 
swamped and work had to be sent out. 

F. W. Cramer: It is not always a case of for- 
getting to have the spares rewound, as many other fac- 
tors enter into repairs. While conducting an investiga- 
tion on armature repairs some years ago, the fact was 
brought out that there are “runs” on different types of 
armatures that the repair shop stock is not usually 
prepared to handle. It seems that, for no apparent 
reason, a great number of a certain type of armatures 
will be changed in a short period of time, and then the 
rate of change will go back to normal. Perhaps the 
next month an abnormal number of another type will 
be changed. Unless the shop is equipped to make or 
get coils on short notice, these runs_will cause a delay 
in repairs, as the store room would not carry sufficient 
stock to take care of excessive rate of change. 

Phelan McShane*: Both Mr. King and Mr. Rum- 
bel, in their papers, have sought to emphasize a point 
that is very frequently neglected; that is, the care 
taken in placing the equipment to be repaired in first 
class shape mechanically. His point in regard to a 
trained inspector is also one that deserves very serious 
consideration. 

In visiting the various plants, the universal com- 
plaint that is heard is that sufficient wages to secure 
skilled and experienced workmen cannot be paid. For- 
tunately the service stations are not so handicapped, 
and it is evident that a very determined effort on the 
part of the managers of industrial repair shops must 
be made to secure adequate rates if they are to obtain 
satisfactory results. 

Before adequate service stations were established, 
the electrical superintendents of the various steel mills 
were forced to manufacture coils, commutators and 
other parts, but always they have been handicapped 
by insufficient volume to properly equip their shops or 
to provide the skill and experience to secure the same 
results that may now be obtained through the use of 
parts furnished by the manufacturer of the apparatus. 

While there has been a very marked improvement 
in the life of apparatus repaired in the industrial repair 
shops, there is always a very wide discrepancy between 
the life of the repaired apparatus and new apparatus. 
This discrepancy can be traced to one or all of three 
causes: inferior renewal parts, improper methods and 
unskilled workmanship. 

In the past we simply replaced the armature when 
it failed. Now we replace both bearings and armature 
when trouble develops in either one. I think in the 
very near future we will replace the entire motor when 
trouble occurs. This can be done in most cases with- 
out any increase in the time lost in making the change, 
and without any increase in the money invested in the 
spare parts, and even if there was an increase in money 
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invested it would be more than offset by decrease in 
delays and maintenance cost. 

A striking example of what can be done by effect- 
ing proper repairs is furnished by one of the larger 
eastern Street Railway Companies. For years they 
maintained a very complete electrical repair shop with 
ever mounting repair costs. Some years ago they 
turned over to our New York Service Department all 
of their motor repairmen with an average increase of 
100 per Cent in the length of time between repairs and 
at a very marked decrease in repair cost. 

In closing, I would like to hear from the mem- 
bers some suggestion as te the best method to secure a 
comparable record of the life of apparatus between 
repairs and new apparatus. For instance, we are told 
that one class of apparatus costs so much per horse- 
power to maintain or repair per year, while some other 
class or type costs so much more or less. Obviously 
this information is very misleading unless the actual 
running time is given and the nature of the application 
is also stated. One would expect an 80 “MC” motor 
on a screwdown to give more trouble than 80 “MC” 
on a ladle crane. We would also expect an S. K. on 
a skip hoist to give more trouble than one on a ma- 
chine tool. 

F. W. Cramer: Very few people make it a 
practice to change whole motors on cranes, perhaps, 
for the reason that the crane or building over the crane 
is not equipped to handle a whole motor quickly. In 
the modern mill motor, where the top half can be lifted 
off, the old armature rolled out, and the new one put 
in, the time advantage of changing a whole motor 
would be small. The big advantage in changing the 
entire motor would be the assurance that the other 
parts of the motor, such as fields and brush holders, 
were in first class condition. 

It seems the tendency is towards changing the com- 
plete motor. 

D. W. McFayden*: We have in our plant, forty- 
five 150 h. p., 166 r. p. m. motors. They have been 
running constantly for sixteen years, twenty-four hours 
a day. ‘Two sets of bearings have been changed on 
account of wear. These motors have adjustable bear- 
ings and flexible couplings. 

For the last ten years, we have made it a practice 
to change all bearings or armatures, DC or AC, on all 
motors, in the repair shop and not in the mill. A group 
of five men, with an Electric Truck, take motors to 
shop to be cleaned or given any repairs that are neces- 
sary. In this group, we carry an extra craneman and 
an extra oiler. 

Throughout the mill, we have four Portable 
Winches, used for changing motors. Where we have a 
drive that affects the entire mill when down, we keep 
a spare motor there. We have reduced delays twenty- 
five percent, and give this system credit for same. 

A. C. Cummins: “Were your cranes designed 
for this system of repairs?” 

D. W. McFadyen: “We have a trolley over 
the crane runway and have 10-37-50 H. P. A. C. 
motors on cranes.” 

A. C. Cummins: Further with regard to chang- 
ing whole motors as compared to armatures or field 
coils, it might be said that so long as whole motors 
were changed in one of our Open Hearths, delays were 
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on the decrease. When the period of depression came 
in 1922, the practice was discontinued and delays and 
interruptions to crane service and Charging Machines 
commenced to increase after an eight to ten-month 
period. The practice of changing whole motors has 
again been inaugurated and once again the delays are 
on the decrease. It is difficult to form any definite 
conclusions from these statements inasmuch as the 
tonnage produced by this particular Open Hearth 
fluctuated over wide limits during this time. However, 
it can be taken as an indication that the changing of 
whole motors periodically and bringing them to the 
shop to be thoroughly overhauled will in general im- 
prove continuity of service records and decrease main- 
tenance costs. 

W. C. McKibben*: On big motors and large 
armatures, 50 H.P., we make better time by bringing 
them down and changing them complete. 

Jno. E. Cooper}: On our important cranes, 
such as ladle and charging cranes, where delays cost 
something, we have spare motor fitted up with coun- 
tershaft and gears. If motor fails we change the 
whole assembly at one time; we also do the same 
on Sunday repairs if we think it necessary to change 
motor for any reason. 

F. W. Cramer: It seems the tendency is towards 
changing the complete motor. 

R. S. Bullf: I would like to ask the gentleman 
from Doubleday-Hill when they wound all the Pitts- 
burgh Railway armature coils? 

T. J. Masterson: We kept three winders go- 
ing on Westinghouse E-57. That has been probably 
eight years ago. At that time you fellows could not 
keep up in your work. 

R. S. Bull: During that hard winter our car 
service was practically down to about 20 per cent of 
normal. We kept a floor in the Westinghouse, East 
Pittsburgh shop busy, turning out 50 motors a week, 
the Pittsburgh shops worked day and night. The 
Crescent Electric Company worked all the men they 
had; and the Doubleday-Hill Company was assisting 
us; but at no time did any shop or factory furnish all 
the coils used by Pittsburgh Railways Company. 

T. J. Masterson: I should have said “part 
of your coils.” 

R. S. Bull: The question has been asked how 
many motors we have in service. About 6,000 to 
6,500. We change almost one-third every year. A 
great many of these motors which we have changed 
so often are of this older type 57, which we are now 
scrapping. The old 56 and 62 are being replaced by 
box type so we don’t have to change so often. We 
have 100 motors in service for over three years that 
we haven’t put bearings in maybe more than six or 
eight of them. One gentleman stated that the Rail- 
way had started the proposition of changing motors 
periodically. When a car goes through our shop, we 
take the motors from under the car, put them through 
the winding room, test, groove commutators, test the 
fields, remove the mud from inside the frame, put 
them together and test them on a testing rack. Two 
large 220-H.P. motors which are used as generators 
and motors mainly on 125 overload test. All motors 
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when we first started to test them were running out 
of our own shops, 15 to 18 per cent due to armature 
winding. Since the testing floor has been in operation, 
it runs from 1% to 3 per cent, and has been up to 5 
per cent. 

I agree very heartily with men present who change 
the- whole motor. We do that with railway motors 
as much as possible, and are trying to get far enough 
ahead so we can do it at all times and in all cases. 
No matter how good the men are in some of the 
smaller shops and barns and some of the smaller steel 
mills, they don’t take care of electrical apparatus with 
the precision that they do in the shops, and that is the 
reason we believe it is a better idea to change the 
whole motor, although the transportation charges are 
much higher. 

The reason why we do not renew the threads by 
welding is that we do not have very much trouble 
with them. We keep the pinion nut and key attached 
to the armature shaft at all times. It goes clear 
through the winding room, and if it happens to be 
a special nut, it is put on special; so it deesn’t make 
such conglomeration of nuts and threads as you might 
believe, because there is not very much you have trou- 
ble with if you keep it with the armature and then 
chase the thread on. Sometimes, after welding, it is 
pretty nearly impossible to chase the thread on. 

J. D. Scully: How many types of motors have 
you? 

R. S. Bull: Approximately ten. We have elim- 
inated two in the last three or four years, and are in 
the process of eliminating three other types within 
the next year. We find in the box frame motor it is 
entirely different from the split frame, because the 
split frame motor, especially when put together by 
someone who does not understand the electric game, 
if the halves are not just where they should be there 
is trouble. 

A, C. Cummins: Any particular value attached 
to cost of motor equipment? 


R. S. Bull: We aim at about 10 per cent, but it 
isn’t always practicable. For instance, one storm the 
last week in June cost $20,000. Weather conditions 
have everything to do with stock of material we 
have on hand. We aim to keep a large amount of 
field coils and spare armatures in the storeroom at 
all times. We sometimes get caught. We were 
caught in that bad weather. In Buffalo they did not 
run a car for 10 days to three weeks. 


Impregnation to steel men possibly does not mean 
what it does to railway motors, because on railways 
they are operating in dampness at all times, often 
in rain and snow. Often in new motor, field coils 
which are heavy copper wire, have to be made into 
a solid mass in order to stay there. Where you have 
motors in a shop, they don’t get weather conditions, 
and presumably don’t get the contrast of heat and 
cold that our motors do. I do not believe it is quite 
as necessary to impregnate. We impregnate field coils 
into a solid mass. 


J. C. Cooper: Most of your trouble is from 
dampness? 

R. S. Bull: A great deal of it. Either the arma- 
ture or field becomes grounded and you have _ to 
change the whole winding position nearly every time; 
that is why we find it of advantage to change the 
whole motor. 
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J. D. Scully: Previous to the low-type car, you 
were not troubled as much with dampness as you are 
now ? 

R, S. Bull: In the old type it was possible to 
keep covers on them. 

J. D. Scully: In the steel mills we probably 
have 100 different conditions. Your service on rail- 
ways would probably be like a number of our condi- 
tions, but it wouldn’t be applicable to all. 

A. C. Cummins: Do you have trouble with a 
film of oil and dirt there? 

R. S. Bull: Seventy-five per cent are dry if ap- 
plied right. We don’t have much trouble. 

A. C. Cummins: Very few come in for grounded 
commutators ? 


R. S. Bull: Very few. 

A. C. Cummins: In the older type of motors it 
seems to be impossible to keep oil from around the 
commutators. 

R. S. Bull: It would pay to have an oil wiper to 
throw the oil from the motor. 

A. C. Cummins: If it could be put in the 
present frame construction it might not be expersive. 


A. G. Ahrens: I would like to say a few 
words regarding the deterioration of armature coils 
in storage, which Mr. Scully mentioned. I believe 
this deterioration is caused by oxidation of the surface 
varnish, which dries from continuous exposure to the 
air and causes brittleness. This oxidation of the 
varnish is particularly severe when the air moves 
continuously across the surface of the coil. 

I would suggest that armature coils be stocked in 
the containers received from the manufacturer. At any 
rate, stock those coils in this way which are com- 
paratively inactive, that is, those coils which remain 
in the storeroom a longer period. 

Coils are packed in moisture-proof containers when 
shipped by the manufacturer. The containers will 
prevent air from getting at or moving across the 
coils. They will save the coils from deterioration. I 
might add, also, that average temperature and average 
humidity are best conditions for stocking coils. Avoid 
dry, hot and damp places. 


Brent Wiley*: In regard to the practice of 
changing the complete motor instead of changing 
parts, where repairs are necessary, it is very impor- 
tant that facilities be provided to do this work with 
as much convenience and dispatch as possible. During 
the last several years, there has been a tendency toward 
increased size and capacity of various mill machinery 
and mill parts with a corresponding tendency towards 
increase of size of motor equipment used, and the 
average motor size is gradually increasing. This is 
particularly so in regard to cranes, as today there is a 
proportionately large number of larger sized motors 
required. 

If the Association recommends a general practice 
of changing motors in case of trouble, it would be 
well to go on record so that the engineering organi- 
zations of the steel companies understand the situ- 
ation—why such practice is advisable and to what 
extent the matter should be given consideration in 
laying out buildings. This would insure that proper 
facilities for handling the motors were provided and 
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such items as bedplates and mountings could be 
worked out so the motor could be changed quickly 
and to make it easy to line it up and fit the changed 
motor to the machine properly. 

F, W. Cramer: Several of the new mill buildings 
over the country have been designed with a small 
trolley running over the cranes. With this it would 
be an easy matter to hoist an entire motor on a 
crane. Most of the mills, particularly the old ones, do 
not have a roof design that would permit this fea- 
ture. It is usually the case that an “A” frame is rigged 
up on the trolley that will permit armatures to be 
hoisted up by means of a block and tackle. 

R. M. Hussey*: In this discussion on inventory 
you are evidently trying to fix the size of inventory 
in comparison with the cost of equipment installed, 
and I would like to ask this question. How can you 
reconcile 10 per cent inventories covering ten differ- 
ent sizes or makes of motors with 10 per cent in- 
ventories covering, say, fifty different sizes or 300 
different types and sizes? The fellow who has only 
ten different types and sizes and carries a 10 per cent 
inventory is out of luck. 

A. G. Ahrens: It is a matter of comparative 
total original costs, that is, a matter of comparative 
investments. With large users of motors, such as 
most steel plants are, the investment in renewal parts 
is not seriously affected by diversity of sizes or rat- 
ings. There are usually enough motors of each rating 
to result in an adequate, and yet economical, invest- 
ment of renewal parts. 

A. C, Cummins: I believe Mr. Hussey is prob- 
ably right. Assuming that a plant has a million dol- 
lars invested in electrical equipment, consisting of 
modern mill motors in ten sizes, 10 per cent of the 
value of this equipment is a fair figure for the in- 
vestment in spare parts necessary to insure uninter- 
rupted operation. I, personally, believe that 10 per 
cent is a higher figure than would be necessary if the 
manufacturers kept the repair parts in stock so that 
we could procure them quickly. On the other hand, 
the mill having a million dollars invested in electrical 
equipment, consisting of many obsolete types of appa- 
ratus would be justified in carrying more than 10 per 
cent as insurance, both because the service rendered 
by the obsolete equipment requires more store material 
and also because delay in securing parts for obsolete 
motor is greater. If the Pittsburgh Railways Company 
has 6,000 car motors in ten different sizes, and they 
require 10 per cent of their total electrical investment 
for spare parts I believe steel mill electrical engineers 
are efficient in the administration of spares, as there 
are very few who do not have more than ten differ- 
ent sizes and designs of motors to maintain, nor as 
much as 10 per cent of the total initial investment 
tied up in store material. 

A. G. Ahrens: I have suggested 10 per cent of 
the total original cost of the installed equipment as a 
normal storeroom stock of renewal parts. This is for 
the average steel plant. And the average steel plant, 
as I know it, has both obsolete and modern motors 
installed. 

It is difficult to say much in favor of obsolete 
motors, meaning those motors which are no longer 
the manufacturers’ standards. But it is quite likely 
that obsolete motors are aged, and their requirements 
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of renewal parts larger than motors of current de- 
sign. Perhaps new mill conditions—greater tonnage 
requirements—have overloaded them. I would suggest 
that the electrical superintendent can arrive at the cor- 
rect basis for handling his renewal parts stock by 
keeping accurate cost records of the repairs. 

If the motors are aged, it is likely their original 
cost has been depreciated to a nominal book value. 
This, and large maintenance makes it seem timely to 
change to modern motors; and select them large enough 
for present requirements and also for the increased 
load if greater tonnages are part of the future program 
for the mill. 

In dealing with ledger or book values, be careful 
to differentiate between depreciated values and original 
or cost values. Comparisons will be misleading and 
lead to wrong conclusions, if we are not careful to 
watch this. 

A. C. Cummins: In answer to Mr. Ahrens’ re- 
marks, I believe that I have not made myself clear. 
The point that I was trying to make was that the 
value of spare parts stocked is not so great in a plant 
having electrical equipment, consisting of a certain 
number of electrical units of duplicate design, as com- 
pared to a plant whose equipment consists of the same 
number of electrical units of many different designs. 
To go a little further, it is possible to imagine a plant 
having installed 1,000-50 H.P. motors of one type. 
Such a plant would carry a very small store supply 
of electrical material. On the other hand, a second 
plant having a thousand motors of 50 H.P. of a hun- 
dred different designs would require an investment 
in electrical store material of at least five or possibly 
ten times larger to be adequately insured against shut- 
downs. 

A. G. Ahrens: You are citing a general proposi- 
tion. It may be possible for ratings to be so diversi- 
fied as to require greater care in selecting your re- 
newal parts stock. For example, you may have to 
abandon your rule of carrying in stock at least one 
spare armature for every direct current rating in- 
stalled; and carry instead a set of armature coils. 

A larger variety of ratings makes it imperative 
that accurate records of repairs be kept and that these 
records be used as the basis for selecting the renewal 
parts stock which should be kept in your storerooms. 

Diversity of ratings may be the cause of a burden- 
some inventory in a small factory, but it need not be 
in a steel plant or other large user of motors. In the 
average steel plant, there should be enough motors 
of each rating to result in an adequate and economical 
stock of renewal parts. And accurate records of re- 
pairs will indicate those motors and ratings which 
merit standardization and further purchase. 

A. C. Cummins: As a matter of fact, auditors 
are usually interested in the dollars and cents invested, 
and if they see unusual increases in the amounts of 
money invested in electrical spare parts, the question 
of why so much money is tied up in this material 
is asked, regardless of what relation the store ac- 
count is to the total amount of money invested in 
electrical equipment. I believe their question is justified 
and I think they are particularly justified in asking why 
large store accounts are necessary when the items do 
not turn over rapidly. In some lines of mechanical 
equipment the manufacturers have made it a practice 
to keep’ in stock every item required for the repair 
of the equipment he offers for sale, and it is thus 
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possible for the mechanical maintenance man to keep 
his part of a steel mill operating with a much smaller 
spare part investment than is necessary for the elec- 
trical maintenance superintendent. 


It would seem to me that on account of the di- 
versity of demand that the manufacturer could keep 
in stock many of these parts at a less expense than it 
is possible to store them at plant, and he would secure 
a much more rapid turnover of his money than it 
would be possible to secure from individual mill supply 
rooms. 

L. J. King: Mr. Bull has covered practically 
everything that was asked me, except the baking of 
the armatures. We have no definite figures on value. 
We measure our return on investment in car miles 


and length of service. We have found, after baking 


armatures, we will have them in service for three 
years, some of them; others may come back within 
a week. There is quite a varied idea as to the value 
of it, but in our work we find it tightens up coils in the 
armature, prevents looseness in the armature from 
vibration, etc., which is severe on street cars; so that 
it is advisable by all means. Since we started baking 
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our repair force has been cut from 125 to about 65, 
and the repair bill is going down fast. We did not 
go into the mechanical process largely because the steel 
mill maintenance department is comparatively small. 
The tendency is now to analyze cost and get basic 
figures as to whether it pays to do certain repair work 
or whether to go to the manufacturer. I hope West- 
inghouse, General Electric, and other electric compa- 
nies can give us definite figures and prompt deliver- 
ies On any work, and probably we can turn over more 
work to them. But, in general, we find that it pays to 
have a good repair shop. It depends a great deal 
on the men, and it can’t be over-emphasized that a 
good workman is worth his weight in gold to any com- 
pany. 

J. Farrington: Any experience with alumi- 
num coils? It seems everyone has sidestepped that 
question. 

L. J. King: No experience with aluminum field 
coils. 

J. D. Scully: About 10 years ago we tried 
aluminum field coils. They did not answer our re- 
quirements at that time. 


Electrically Heated Soaking Pits 


By B. G. BAILEY* 


HE electric heating of soaking pits has been 
cH under consideration for more than ten years, 
and has been the subject of several papers 
before technical societies, and while on _ every 
occasion considerable interest was shown, it sel- 
dom went further than “where can we_ see 
one in operation.” Among those who were nci 
familiar with the technical side of electric furnace 
design and operation, there was a belief that electric- 
ally-heated pits could not compete with gas-fired 
equipments, and while it was generally conceded that 
electric pits would reduce the scale on the ingots, 
many were of the opinion that it was necessary to 
scale ingots heavily in order to produce a good sur- 
face on the bloom. These various contentions re- 
mained somewhat open questions until the installation 
of the Electric Pit at The Donner Steel Company 
last March. 

Since that time several hundred ingots of both 
carbon and alloy steel have been put through this pit 
and a comparison of these ingots with other ingots of 
the same heats put through gas pits, together with a 
description of the electric pit, is the subject matter 
of this paper. 


Description of the Electric Pit 

The pit is 150 K. W. electrical capacity, with out- 
side dimensions of approximately 8 ft. wide by 9 ft. 
long by 10 ft. high, with internal dimensions of 3 ft. 
wide by 5 ft. long and 8 ft. deep, holding two 6,800- 
Ib. or 7,400-Ib. ingots. The electric heating is accom- 
plished by means of carbon resistors using crushed 
es of approximately %4-inch mesh, contained in 
troughs made of carbide of silicon. This type of re- 
sistor is the only one so far developed that can _oper- 
ate successfully at temperatures to be met with in 
soaking pit practice. ‘The power input is controlled 

*President, Bailey Furnace Co., Alliance, Ohio. 





by means of special transformers having a number of 
voltage taps on the secondary, each tap giving a dif- 
ferent K. W. input to the furnace. 

The resistor units are located in the side walls of 
the furnace in such a manner that the ingots cannot 
come in contact with them, the slap of the ingot in 





FIG. 1 


charging being taken by heavy firebrick walls project- 
ing beyond the resistor troughs, and while the pit has 
been in service several months, no repairs have been 
required to these walls nor to the cover, whose brick 
work is in prfect condition, although heating ingots 
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to a temperature of 2,350°F. or above, and at times 
for experimental purposes, has been called upon to 
maintain furnace temperatures of 2,600°F. 


The transformer equipment consists of a 150-K. W. 
Packard 25-cycle, single-phase transformer, which was 
sometimes called upon to carry 50 per cent overload 
continuously. The meter equipment consisted of a 





FIG. 2 


Weston Indicating Wattmeter, a Westinghouse Graphic 
Recording Wattmeter and a Brown rare metal couple 
Graphic Recording Pyrometer, with the couple located 
in the cover of the pit directly above the ingots. The 
temperature readings were checked by means of a 
radiation pyrometer, which instrument was also used 
to take the temperature of the ingots going to the 
pit, when they were on the way to the mill, after 
leaving the pit and while they were in the mill. As 
the blooming mill was steam-driven, it was not pos- 
sible to obtain reading of relative power requirements 
in rolling between electric and gas-heated ingots, but 
the finishing mill was electrically-driven, and the com- 
parative results on rolling given in Table No. 1 are 
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except on a few occasions, the power consumption 
for heating was well within the figures made before 
the equipment was installed. For instance, during the 
month of November, 101 ingots of an average weight 
of 3.3 gross tons.each, were heated, and during this 
period the power was on the pit 624 hours, but ingots 





FIG. 3 


were in the pit only 92 hours and during this time 
the pit under these conditions operating at only 15 per 
cent capacity. Even under these conditions, the total 
power consumption was only 189 K. W. hours -per 
gross ton of metal heated. 

Taking the average practice, however, between No- 
vember 16 and December 2 charging the pit with 
power only during the time ingots were in the pit, 
the power consumption was 80.4 K. W. hours per 
gross tor of ingots heated when heating two 3.3-ton 
ingots at a time to an average temperature of 2,316°F., 
the skin temperature of the ingots charged being 
1,660°. 


During the period mentioned above on account 


TABLE NO. 1 


Comparison of power required for rolling Electrically Heated and Gas Heated ingots. 


Tempera- 


ture of the outside of ingots approximately the same by radiation pyrometer. 











Temp. at Temp. at Drop in | Av. difference Av. difference 
" 4th pass 9th pass | Temp. | in peak load in K.W. hr. 
Electric Ingots — 2147° 2091° | 56° | 9% less 25.8% less 
Gas Ingots 2118° 2049° 69° A | 














taken on this mill. Had it been possible to take sim- 
ilar readings on the blocming mill, the relative dif- 
ference in power readings between the gas and elec- 
trically-heated ingots would have no doubt been even 
more marked. 

The loss of metal due to scale was determined by 
means of an ingot scales located at the entrance to the 
blooming mill, ingots of both the gas and electric pits 
being weighed after stripping and before charging in 
the pits, after heating and before rolling, and finally 
after the fourth pass in the mill. 


Power Required for Heating 


While it was not possible on account of plant con- 
ditions to operate the electric pit to the best advantage 





of mill conditions, it was necessary to hold the ingots 
in the pit on some occasions as long as 16 hours and 
40 minutes, while, under the best conditions, the time 
in the pit was only 1 hour and 40 minutes, although it 
was found that an average period of 2 hours was 
quite sufficient for ingots charged at a skin tem- 
perature of 1,600°F. and heated to 2,350°F. 


Had it been possible to operate the pit continuous- 
ly on a two-hour soaking schedule the power consump- 
tion would have been considerably under 75 K. W. 
hours per gross ton, as occasional daily operation 
showed power consumptions under this figure. It 
should be kept in mind that the heat loss through the 
walls of this small pit was large, compared with the 
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heating capacity of the pit and that a full-size pit of 
four 6 ft. by 8 ft. holes would show much better 
economy. From a careful check on the wall loss of 
this pit during the period mentioned of the 75 K. W. 
hours used for heating, approximately 30 K. W. hours 
were chargeable to wall loss, leaving 45 K. W. hours 
as the heat actually required for the steel per gross 
ton, while in a full-size four-hole pit holding 24 








FIG. 4 


3.3-ton ingots and operating on a similar heating period 
the power chargeable to the wall loss per ton of ingots 
would not exceed 15 K. W. hours per ton of ingots 
heated, making a total power consumption of 60 K. W. 
hours per gross ton of ingots put through the pit, 
when ingots were charged at a skin temperature of 
1,670°F. and heated to 2,350°F. 

With a higher charging temperature of, say, 
1,850°F., which is possible on most steels, the power 
consumption should not exceed 45 K. W. hours per 
ton; and with ingots charged at 1,670°F. and _ heat- 
ing to only 2,250°F., the power consumption should be 
under 50 K. W. hours per ton. 

When heating cold ingots in a full-size pit, using 
eight hours as the heating time and heating to 2,250°F. 
the capacity of the pit would be 10 tons per hour, 
and the power consumption 330 K. W. hours per ton of 
ingots heated. This power consumption makes elec- 
tric heating prohibitive from a cost standpoint on low- 
grade steels, but on high-priced alloy or high-speed 
steels, the saving due to the reduction in scale loss 
may easily compensate for the higher cost of fuel or 
power for the electric pit. Since, by far the largest 
tonnage of ingots are charged into the pits at tem- 
peratures near 1,670°F., the calculations of power 
consumption for full-size pits are based on steel going 
into the pit with that temperature. 

These figures appear in Table 2. It is to be 
noted from this table that when taking into consider- 
ation the saving in scale that no fuel-fired furnace 
can compete in cost with electric heating under the 
conditions named. 

Scale Loss from Ingots 


One of the most interesting features of the test 
on the electric pit was the determination of metal loss 
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in scale. Both electric ingots and gas-heated ingots were 
weighed before charging into the pits and after the 
fourth pass in the mill. The average loss of elec- 
tric-heated ingots was 34 per cent and on gas ingots 
substantially 144 per cent. The scale loss on electric 
ingots seemed to be about the same, regardless of the 
time the ingot was in the pit, indicating that this 
4 per cent loss was caused by the air striking the 
ingot after stripping and before charging into the pit. 
In the case of the gas-heated ingots the scale in- 
creased as the time in the pit was increased. While 
the record of loss on the gas-heated ingots in this 
case was only about 134 per cent, it is believed that 
this figure is too low for average practice, as records 
taken from a number of other installations of gas- 
heated pits indicate that a scale loss of 2% per cent 
is more nearly the average loss. 

The difference in scale is best shown by Figures 
1, 2, 3 and 4. Figure 1 is a 7,400-lb. chrome nickel 
ingot heated in the electric pit, Fig. 2 is an ingot of 
the same heat heated in the gas pit taken at the same 
number of seconds after removal from the pit, as the 
picture of the electric ingot. Both ingots approxi- 
mately 2,350°F. Fig. 3 is a 6,800-lb. carbon ingot 
heated in the electric pit, and Fig. 4 is an ingot of the 
same heat put through the gas pit. Fig. 5 shows a 
train of ingots at the temperate at which they were 
usually brought to the pit, which was about 1,600 to 
1,700°F. Fig. 6 shows the top of the electric pit with 
cover open and an ingot being removed from the pit. 


Surface of Bloom 


The operation the electric pit demonstrated con- 
clusively that the blooms coming from electric-heated 
ingots had better surfaces in all cases except, perhaps, 














FIG. 5 


in such cases where the ingots were very scabby, under 
such ingot condition there was no advantage in sur- 
face condition of the bloom by electric heating. 


Power Required in Rolling 

Due to the fact that the ingot from the electric 
pit could’ be and were heated to the desired rolling 
temperature, and were perhaps more evenly heated 
throughout, the power required for rolling electric in- 
gots was less than for gas ingots heated to the same 
skin temperature, and it as also noted that the peak 
load on the mill was less when rolling electric ingots 
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TABLE NO. 2 


Comparison of Electric and Gas Heating Costs based on Electric Power at 6 mills per K.W. hr., Coal at 
$6.00 per ton gassified, Coke Oven Gas at 12% cents per 1000 cu. ft. Metal losses at 4%, 14% and 24% and 


Steel valued at $30.00 and $40.00 per ton. 








ELECTRIC HEATING 
Ingots charged at 1670° heated to 2350°F 


PRODUCER GAS HEATING 
Ingots charged at 1670° heated to 2350°F.—250# 
Coal per Ton. 
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than when rolling ingots heated in the gas pits. It 
will be noted that in Table No. 1 the average peak 
load demand was 9 per cent less for electric ingots 
than for the gas-heated ingots, and that the K. W. 
hours per ton for rolling electric ingots was 25.8 per 
cent less than for the gas-heated ingots. This can best 
be accounted for by the assumption that the electric 
ingots were more evenly and thoroughly heated, which, 
is borne out by the temperature readings in Table 1, 
which shows that there was less drop in temperature 
of the electric ingots between the fourth and ninth 
pass. 


Space Required for Electric Pits 
As there are no regenerators or checker work 





FIG. 6 


required for electric pits, they require only about half 
the space of gas pits of the same capacity and when 


taking into consideration producer space, only about. 


a third of the space is required, as compared with a 
complete producer-fired installation. Besides this sav- 
ing in floor space, there is a large saving in foundation 
cost, and the absence of gas mains and stack enable 
electric pits to be more advantageously located with 
regard to the pit building and the mill. The savings in 
foundations, floor space stack and gas mains is such 
that the installation cost of an electric pit is less than 
the cost of a modern producer-fired installation and 
about the same as a well-designed modern gas pit 
fired with coke oven gas. 


Summary 


The operation of this pit has demonstrated that 
the quality of heating is uniformly better, due to ac- 
curate control of temperature, uniformity of heating, 
elimniation of scale while in the pit, elimination of 
the cutting of the ingot, as in the case of sharp gas 
flames, and producing a better surface on the blooms. 


The peak power demand on the mill is reduced, 
as is also the K. W. hours required for rolling. 


There is a saving in space required over gas-fired 
pits, making it possible to install twice as many pits 
in a given space, as well as make a saving in founda- 
tions. 


When taking into consideration the saving in scale 
and with the usual cost of steel mill power, the cost of 
heating is actually less than by any other means, pro- 
vided the ingots can be charged into the pits at such 
temperatures as are now common in steel mill practice. 


Further than this, it eliminates the discussions be- 
tween the open hearth and blooming mill departments 
as to who caused the trouble in the steel. 
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